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INTRODUCTION 


Although the effects of heat transfer through and 
into the earth's crust are of prime importance to man, 
scientific investigations of the thermal conductivity 
of soils are recent of origin and limited in scope. 
Through the centuries man's use of soils has been based 
upon instinct and exnerience, rather than upon knowledge 
and understanding. 

The agriculturalist is concerned with the conduction 
of the suns heat below the surface of the ground to 
promote vlant growth. The electrical engineer depends on 
soil conductivity to remove heat from buried electrical 
cables and thus vrotect ard nreserve their insulation. 
instead of simple reliance upon the soil surrounding 
electric cables to perform this function, attempts have 
been made (3) to increase the thermal conductivity of 
the soil, increasing and accelerating heat transfer. 

Engineers in the building trades are concerned with 
Beat transfer and the selection of materials for their heat 
tmeulation value. Much construction is subsurface and 
the new field of radiant heating is largely dependent upon 
heat conduction through soil. The U. S. army Engineers 
are experimenting with below ground bomb defense 
structures whose heating will be influenced primarily by 


this factor. 
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Procedures of design in the aboye engineering fields 
commonly allow for heat conductivity by a simplifying 
design assumption frequently based upon inadequate 
experimental verification. Even though the value 
assigned to heat conductivity of soil may be a primary 
factor in the selection of the final design, once the 
proper allowance has been made the effect of this 
puberty is no longer critical. 

A basically dirferent situation faces the soil, 
foundation, or highway engineer. These men must predict 
the effect of soil properties upon the soil itself, 
because many changes of tne soil are transmitted directly 
to the supported structure. 

It is vell known that soil engineering is intensively 
Semeernec vith the effects of moisture in all soil 
properties. Dry soil is experimentally uncomplicated 
and predictions about dry materials are quite accurate. 
Mis. cannot be said for moist soil, especially clays, 
and many investigations in all branches of soil mechanics 
ado being conducted to broaden the knowledge of the 
ЕСІ о: moisture on soil. 

Examples of the problems resulting from soil moisture 
and heat transfer will be given. Primary among these 
problems is that of Trost heavirg of highway and airport 
pavements. This condition is caused by the freezing and 
attendant expansion of ice lenses formed below the pave- 


ment. Capillarity supplies water from the ground water 





source below, and the freezing of the lenses is the 
result of heat loss from the ground surface. The 

mate of heat loss, the total depth of frost penetration, 
and the rate of lens formation, are dependent upon the 
thermal conductivity of the soil. 

The increasing importance of Alaska in military 
and defense programs focuses attention upon other cold 
weather construction problems. lost of Alaska is in 
that area of the earth's surface which is permanently 
frozen. This is called "permafrost" and consists of 
moist soil in which the moisture is frozen and extends 
into the earth a distance to include the foundations of 
all structures. Bearing capacity of this "permafrost" 
is adequate, and no problem arises until the internal 
feet of the structure is conducted into the material 
surrounding the foundation causing ice to melt ana the 
structure to settle. Research in this field (2) is 
Deang conducted tor the U, S. Army Engineers to determine 
tie specific heat, heat capacity, and heat conductivity 
of various soil components, and to investigate other 
physical properties vhich may affect these factors. 

The above examples are given to indicate the 
extent of the. field in which information about soil 
heat conductivity is desired. 

There is no easy cr satisfactory evaluation of 
any unknown property of a material so admittedly 
heterogeneous as soil which would be accented without 


an adequate investigation of the knovn or suspected 
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variables. It also is evident that these variables 
must be investigated, first separately, and then in 
con unctionswath each other, in order to present a 
true and well-based solution. For instance, it would 
be unreasonable to attemnt to reach rational conclusions 
about the variables causing experimental differences 
among selected nermafrost samples. Before frozen 
samples are tested, moist unfrozen soil must be under- 
stood. Зе?оге that, the components of the moist soil 
must be investigated. in the last nnalysis, the work 
can only be started by a thorough investigation of all 
known variables in the dry soil elements. 

To carry out the intent presented in the above 
discussion, the experimentation was started on the 
least complicated of the soil components, i.es, dry 
sand. Preliminary work had been conducted at 
Rensselaer Polytechnic Institute on a well graded 
dry sand sample, and it was decided that all possible 
variables be eliminated from this data by dividing the 
sand with its broad grein size classification of coarse, 
medium and fine, and determining a curve of thermal 
conductivity versus voids-ratio for each of these three 
sizes. To provide an experimental background for 
subsequent vork in active materials, a test of graded 
dry clay vas conducted. 

It is intended that these data will serve as 
background in elimination or explanation of variables 


encountered in the determination of thermal conductivity 





of natural soils in any of their progressively complex 
forms. It is to be noted that a double purpose may be 
served by these investigations. The phenomenon of 
electro-osmosis (4) is under intensive study by many 
scientists. There is a close resemblance of many 
Peermel and electrieal properties and effects. Зу 
establishing a satisfactory dry sand and clay background 
upon which an investigation of moist samples can be 
based, it may be possible while investigating the 
erfect of moisture unon heat transfer to obtain data 
as to the effect of heat upon moisture transfer ani thus 
furnish experimental substantiation and evaluation of the 
theory of thermo-osmosis. 
The work contained herein, is a continuetion of 
"An Investigation of the Effects of Voids-Ratio on the 
"па! Conductivity of Sand" by Perbert Storch. The 
equipment was prepared by Storch as a variation of that 
nd by the United States Bureau of Standards and rith it 
he conducted tests on a well graded dry sand sample. 
Since ties pork is a continuation or previous 
work using the same apparatus, it follows that there should 
bewnueh similarity and duplication of technique and of 
Cer se an identical background. If Storch hai been 
proved vrong there would have been e clear field in rhich 
ШИЛОТЕ іп corzr eine such fallacies, but in several 
nreliminary tests a very close egreement vas obtained 


vith his results. Values of thermal conductivity determined 





by Storch were also reasonably close to values having 
been obtained by other investigators. In view of these 
facts, we must assume Storch to be correct in his 
preliminary research and in the theory behind his thesis 
and not attempt to alter his findings but merely to use 
and broaden them. However, in order to render this a 
complete vork as far as we have proceeded to date, it 
seems necessary that we do borrow extensively from 


Storch as to background and theory. 
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THEORY 

Because tre problem at hand is one of heat flow, 
the folloving three basic laws governing the flow of 
heat in a body (5) are applicable: 

l+ The quantity of heat in a body is pro- 

portional to the mass and the tem- 
perature of the body. 

BI. Heat flows from a higher to a Mower 
temperature. 

III. The rate of heat flow across an area is 
proportional to the area and to the 
existing temperature gradient, i.e., 
the rate of change of temperature with 
respect to distance, measured normal 
to the area. 

Both in theory and in experimental annlication a 
steady-state heat flow condition is assumed. This 
assumption means that the rate of heat flow is in- 
dependent of time. Aprlication of laws I and II gives 
ver following values in the c.£.s. system of units: 

q (calories/sec.), a constant quantity of 

heat floving through A in each second. 

A (em.2), an area perpendicular to the 

direction of heat flow. 

Т (°С), the temperature at a point F of 

the body. 


x (em.), the distance, measured positively 


е^ 





in the direction of flow, fròt Some 
point selected as an origin to the 
point. P, 
Law III may then be expressed: The magnitude of 
q equals KA(dT/dx), where K, the constant of pro- 
portionality, is a property of the material of the 
body called its thermal conductivity.  K has units 
cal./em. deg. sec. Law II states, however, that 
temperature decreases in the direction of flow making 
dT/dx negative, and we have, therefore 
а = ~ КА 47/4х И! 
Thermal conductivity, K, may be defined as the 
quantity of heat that flows through a unit area of 
unit thickness in unit time under unit temperature 
gradient, and in the c.g.s. system, the K of a 
substance is the number of calories transmitted in one 
second between opposite faces of a cubic centimeter 
of the substance when a temperature difference of one 
degree centigrade exists across the faces. Similarly, 
in the f.p.s. or English system, the K of a substance 
is the number of Btu's transmit ted in one second be- 
tween orposite faces of a cubic foot of the substance 
when a temperature difference of one degree Fahrenheit 
exists across the faces. 
Apolication of Buckingham's theorem and the 
method of dimensional analysis (6) yield equations 


identical with the equation 1 as shown above. As a 





basis for calculations of conductivity values of dry 
sands and clay samples in subsequent work, a more 
familiar and useful form of equation may be derived. 
It is set up as follows (1): Let the temperature on 
each side of a section of the material in question 
be designated as J. and Dresrectively, the thickness 
of the section be d, and the amount of heat flowing 
in time t be equal ©. The rate of heat flow is then 
Q/t and the temperature gradient is (Tj - To2)/d. 
Therefore, according to the above derivations and the 
definitions given: 


K = ба 
АСТМА > Д 242% 2 


Patten (7,1) visualized the flo" of heat through 
a substance in a somewhat different manner. To borrow 
mom Patten, let us consider the following line of 
reasoning. Start vith a metal bar under conditions 
of steady-state heat flow with opposite ends of the 
bar at temneratures of 100°C and 0°C. Consider an 
elemental section within the bar, letting the element 
have cross-sectional area Á norral to the direction of 
heat flow and thickness Ax. If the section is x 
distance from the hotter end of the bar, and if tem- 
nerature T exists on the area A, the heat flor per 
unit time through A will be equal to ~KA(dT/dx). 
See equation 1. The surface of the elemental rec- 


tangle at distance x + Ax from the hotter end of the 
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bar will have a lower face temperature equal to 

Т — (атах AX). "The quantity of heat flowing 
through the surface of the section x + Ax from the 
source vill be egual to -Kå 'a/ax(7 = ата») ^»|. 
The expression within the brackets is the rate of 
Change of temperature at x + Ах. Since the 
temperature at x + Ax is lower than at x, there 
will be less heat leaving the rectangular section 
than entering. This difference is given by the 
expression - ЕЕ = атаа) 
which reduces to 


papada _ AX — 
dx? 


The second derivative of temperature vith 
respect to distance from the heat source is a rate of 
change of temperature gradient or the acceleration 
of temperature change vith distance. When a steady- 
state flow exists, gradient is constant and accelera- 
tion is Zero; there is no difference in the amount 


of heat entering and leaving a section. 


Let us now annly these principles to a body 
of soil. Before steady-state conditions are reached, 
unbalance of heat flow exists. Let the mean tem- 
perature of a section of soil rise by increment of 
temperature dT in time dt. If cis the heat capacity 
Of the soil, a quantity of heat equal to Ac (a4T/dt)Ax 
will be required to cause the rise of temnerature. 


Heat capacity c is equal to the effective specific heat 





divided by the apparent specific volume. Assuming 

no loss of heat from the section under experiment, we 
can equate this quantity of heat necessary to raise the 
temperature to the heat remaining in the section, as 


given by equation 3. 
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The term K/c has been called "diffusivity" by Patten 
Equation 4 shows that heat conductivity K may be 
calculated from the following data: effective hest 
capacity c, the rate of change of temperature gradient 
dT/dx, and the change of temperature at a given point 
with time dT/dt. 

The basic concept of heat flow in a homogeneous 
solid or gaseous medium is the familiar physical 
principle of heat agitation of molecules, their 
impinging one on the other, and transferring motion 
and heat through the medium. Extension of this concept 
to soils introduces complications, It must be 
recognized that the heat. conductivity of dry sand, 
for example, depends unon two redia, one a solid and 
the other a gas. Heat flow in dry sand is across 
sand grains and interstitial air. Since dry air is 


one of the most effective heat insulators, the path 





of conductivity is primarily through the sand grains. 
As has been shown, the area of conduction plays an 
important role. Grain size, shane, and rroximity should, 
therefore, be considered. Segregation of a particular 
type of sand, such as Cow Bay or Fort Jefferson, into 
subdivisions by grain sizes is clearly an aid to analvsis 
of experimental results. Sand grains vary in shape from 
spherical to fragmental and angular. Port Jefferson 
sand is chiefly quartz and almost entirely free from 
organic matter. The samples tested in these investiga- 
tions are essentially slabs of soil, artificially created 
and controlled by selection of material, by the manner 
of placement, and by the amount of comnaction. In the 
case of heat conduction it is readily evident that the 
farther apart the soil particles are, the lower vill 
be the thermal conductivity. Low thermal conductivity 
can be exnected in loosely comnacted, high voids-ratio 
sand masses; and, conversely, greater compaction, 
careful grading, and the use of fine-grained materials 
increase thermal conductivity. 

Mention must be made of convection and radiation, 
as well as conduction. The effects of radiation upon 
the experimental method used is negligible. In the 
case of convection, Fecheimer (3) has stated that 0.1" 
is the maximum size of pore snace in which conduction 
predominates over convection. Only in the most loosely 
compacted, ungraded samples of coarse sand and gravel will 


convection occur. 





a definition of electro-osmosis as a back- 
ground for Jliscussior of the thenmo-osmnosis 
ору, mill be briefly state. Bleetro-ostTosis 
is tre nhenomenon occurrins "hen an external 
electromotive force is anplied across a solid-liquid 
interface,causing the movable diffuse layer of 
the кеіпһо1%2 double layer to te displaced tangen- 
lly vrith respect to the fixed layer. When this 
monsement occurs in a capillary, the water nresent 
е capillary vill be pulted alens with the 
moving diffuse layer and be discharged from the 
capillary. Thermc-0smosis, then, is the phenomenon 
which causes carillary rlor of water when a soil mass 
fe exposed to a difference of heat notential, i.e., 


temperature. 





FERT III 
AFFARATUS 





APPARATUS 


The apnaratus for measuring thermal conductivity of 
soil samples will be described. For measurement of 
thermal conductivity during steady state heat flor, 
the following must be known about the sample: 

(1) the cross-sectional area normal to heat flow, 

(2 the thickness in the direction of heat flor, 

(3) the quantity of heat floving through the sample 

per unit of time, (4) the temperature of both faces, 

or the temperature difference betreen both faces of 

the sample. From these data, the coefficient of thermal 
eonauctivity may be calculated. 

The apparatus is a variation of that type used 
by the U. S. Bureau of Standards for measurement of 
thermal conductivity. Such arparatus is knomm as a 
"Shielded hot plate" in which a slab of the solid 
Material under test is inserted betreen an electric 
hot plate and a cooling plate. Heat flow is measured 
by the power input and temverature of the nlates. 

Beat flow in a direction not normal to the face of the 
sample is prevented by an electrically heated guard 
fine = thus the name "shielded", It was this 
principle which has been adapted to the measurement of 
thermal conductivity of dry soil samples. 

The equinment is designed as a central heating 
plate transmitting heat equaliy in both directions 


through two soil samples to two cooling jackets. 





The end losses are controlled by an insulating box 
ШЕЮ Е around the edges of the plates and sample holders. 
The cavities for holding the soil sample are 20 inches 
square and tro inches thick and the dimensions of the 
vlates ani other details of the equipment are dependent 
Geen this size. The sample size or 20" x 20" x 2" is 
large enough to allow maninulation of the material in 
place ana also is of such a size so that end variations 
have little effect on the center of the sample where 
temperature measurements are taken. 

The heater plate itself is also of a sandwich 
type Of construction. The heating element is Nichrome 
resistance wire 5/8" wide and .0056" thick. The 
TeS tance of this wire is .156 ohms ver foot. Twenty 
turns of this vire are wrapped around a 1/4" thick 
piece of transite 20" square, the edges of which are 
Betvened to hold the mire in position. іне resistance 
Or the complete heating element is sufficient to produce 
a temperature of 100°C easily within the range of 
voltage available. <A frame to hold the heater element 
is made of a 21" x 21" x 1/4" transite piece vith a 
20" x 20" square cut out of the center Heavy conper 
leges exteni through slots cut in this frame and are 
soldered to the heater element. The outsides of the 
heating rlate are two copper nlates 21" x 21" x 1/8" 
and are electrically insulated from the heating element 


БЕЛЕТ от mica -015" thick and 21" square. 





The width of the heating element wires and the thickness 
оне Copper plates ere sufficient to give a very 
Enuorm west distribution across the face of the plate. 
The entire unit is held together by binding serer posts 
and when assembled is 21" x 21" x 5/8" with the two 
mer leads extending out of either end of one edge of 
the plate. See Figure VIIIc. 

The cooling jackets are constructed of a heavy 
conper nlate 21 1/4" x 22 1/2" x 1/8" to which is 
Tred a dished out niece of light gage corner forming 
a water reservoir 20" x 20" x 3/4". Inlet and outlet 
pires of 4" copper tubing are soldered in position on 
two diagonally onnosite corners of the cooling reservoir 
and a system ot baffles is installed in each jacket to 
pue a more uniform distribution of the cooling water 
waich enters at a lower corner and flows out an upper 
corner. 

The cooling jackets are mounted on either side of 
а @ sided wooden trame forming an open box with interior 
dimensions 21" x 20i" x 4 5/8". The pieces forming the 
frame are 4 5/8" wide and 3/4" thick plyvood. Twelve holes 
are drilled through the vidth of the plywood frames 
matehing holes around three edges of the cooling jacket 
ani the unit is then assembled by means of 1/4" machine 
НЕГЕ 52! long. Tke unit is oriented with the open end 
51 Ше box on top emd the ccoling jackets vertical. The 
heater plate is inserted vertically in the box midway 


between the cooling jackets and is heli in position by 





six hardwood snacer boards 2" wide and 4" thick that 
lt asuunst the Hranetand ame uetd in place by 
pressure when the jackets are bolted in place. These 
spacer boards also provide for an accurate two inch 
sample wiith when the entire sample holder unit is 
assembled and, as was previously stated, the 
dimensions of the component parts were so chosen that 
ШЕ resulting sample size is 20" x 20" x 2". Also, 
сап be seen that the dimensions of the heating 
eterent ani the water jacket of the cooling unit ere 
20" x 20" and these are so orientel in the assembled 
equipment that the outline of the sample is accurately 
covered by the heating and cooling elements and thus 
the sample is cirectly in line with heat flow from the 
Mat face to the cold face. 
Eeat losses from the ends of the samnle are 

Pa tented by an insulating box. In tHe equation for 
heat flor Q =K A At ‘the two variables contrclling 
the heat flow are K and At. The guard ring of the 
shielded hot plate reduced At to zero but this 
ЕШ (01 15 quite complicated and tre method of lowering 

K to a small valve is used in this equipment. The 
insulating box provides for 6" of insulating material 
inside a wooden box. Тһе box is constructed as a square 
ring surrounding the edges of the sample box. The top 
side of the insulatins box is removable and forms a 


cover vhich may be removed in order to expose the sample 





while the samrle box remains enclosed "hy the other 
three sides of the insulating box. This cover has 

a slot which receives the Ё" of the heating plate 
extending above the sample and has two holes drilled 
КЕН ше toto receive the leads extending from the 
heating element mentioned above. The insulating 
material is Го. 1 white vaste. 

The cooling vater is sunplied to the jackets 
and led off through $" rubber tubing. A T connection 
at the source of water is utilized to equalize the 
elem through each face. 

Temperature measurements are made by the use of 
thermocouples. It is nossible to measure the 
Шептегайілте at a point or on a face much more accurately 
ani simply by this method than by any other. Since 
the roints of measurement are in the center of the 
faces ot the sample, thermocounles offer the only practical 
method of temnerature determination. 

The thermocounle material used is Leeds and 
Northrun #30 gage copner—constentan dunlex thermocouple 
vire which is satisfactory for temperatures of less 
BESELIOO"C and is simple to install. This wire contains 
one strand of copper and one of constantan insulated 
mom one anotker in a fiber casing. 

The bare thermocouple vires are embedded with 
solder in holes drilled 3/16" in diameter and 1/16" deen 


осо the center ert Тһе һо%Ф and cold plate faces. 





It is assumed that the temperature gradient across 1/16" 
of copner is negligible to the accuracy required by 
this work and that the temperature of the sample at 

the face is the same as that of the nlate. 

The temperatures indicated by the thermocounle 
millivolt output were measured in tro potentiometers. 
The hot and cold face temperatures of one sample were 
measured by an automatic potentiometer recorder, 

Serial Wo. 216717, manufactured by the Leeds and 
Northrup Company of Fhiladelphia, Pennsylvania. TEN S 
instrument receives the thermocouple millivoltage, 
Gorrects it for cold junction temperature, and plots it 
on a time scale as a temperature. This instrument is 
capable of recording the temperature of three points 

in succession so the third set of terminals vere 
shorted by a short conner wire and the room temperature 
or cold junction temperature was recorded in addition 
to the hot and cold face temneratures. Тһе temnerature 
readings are in degrees centigrade. See Figure IX. 

The other hot and cold face temperatures are 
measured by taking nillivolt readings of the thermocouple 
leads on a portable notentiometer Model 1117 manufactured 
by the Brovn Instrument Comnany, Fhiladelphia, 
Pennsylvania. The millivolt readings taken by this 
instrument must be corrected for the cold junction 
temperature which vas measured by a centigrade mercury- 


in-glass thermometer. Standard conversion tables of 





millivolt readings to temperature in degrees centigrade 
or copper-constantan thermocounles were available for use. 

The porer input to the heating element ras governed 
Becker voltage applied to the terminals since the 
Pee@stance of the elerent is constant. The voltage is 
controlled by a variac connected between the 110 V a.c. 
source and the heating element. The range of voltage 
available from the variac will produce a hot face 
temperature up to well over 100°C which is more than 
adequate for this work. The norer innut is measured by 
a Model 432 d-c and single phase a-c wattmeter, Serial 
No. 11588, manufactured by tne Weston Electrical 
Instrument Corporation, Newark, Nev Jersey. Ап а.с. 
voltmeter Serial 28274 manufactured by the General 
Electric Co. of Schenectady, N. Y. was employed to check 
the wattmeter readings to determine vhether tne resistance 
ST ire heating element changed with temperature. 

The sample box end insulating box were placed on 
the platform of a Model 98 Counting and Weighing machine 
Serial No. 98129 manufactured by the National Scale 
Company of Springfield, Massachusetts. The purnose of 
this feature vas to facilitate weizht measurements 
necessary to voids-ratio computations. 

Instruments were used to aid in placement and 
compaction of these samples. Cne was a three pronged 
rodding instrument used for compaction of samples. The 


other was a screen that could be inserted in the sample 





cavity and draw upward during placement to obtain a 
very loose compaction. 

U. S. Standard Sieves were used for grading the 
Sand and determining the grading curve of the clay. 

A grinding machine “odel Y No. 4 manufactured by the 
Quaker City Mill Co. of Philadelphia, Fennsylvania vas 
emnloyed to grind the clay material. 

Standard soil mechanics laboratory equinment was used 
to determined tbe desired physical properties necessary 
to the investigation. 

See Figures VIIIa through VIIIf for t^e details of 
assembly of the equipment ani orientaticn of measvring 


devices. 





PART IV 
FROCEDURE 





PROCEDURE 

The sample holder and insulating box were 
assembled as indicated in AFFARATUS. The heater 
plate was positioned in the frame approximately 
midway between the edges, the spacer boards were 
inserted, and the cooling water jackets were lifted 
into position against the edges of the frame. The 
cooling jackets were then bolted against the 
frame, causing the spacer board to force the heater 
plate into its exact central position and causine 
the simple cavities to take on their accurate 
dimensions. Care was taken that the spacer boards 
fitted closely against the frame and that the 
thermocounle leads were hanging free. With the 
anraratus empty except for vater floving through 
the cooling jackets, with thermocouple leads 
hanzine free and nover leads not connected, an 
initial veight was determined. 

The weighing procedure was intended to give the 
weient of sample directly from the difference betreen 
final and initial weights. All veighing vas done with 
water flowing through the jackets and the power leads 
clear of the scales. 

The original placement of the samvle required 
extreme care in order to acquire uniformity of 
voids-ratio between the tro sample sections, throughout 


each sample section, and to permit reproduction of 
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similar conditions in subsequent tests. The 
test material was poured into the samnle cavity 
in small inerement and, in order to obtain high 
voids-ratios, a 20" x 2" screen was drawn upward 
through the sample continuously during placement. 
The screen protected the loosely placed material 
below from disturbances caused by the act of 
Placement. After exactly filling the front 
sample cavity the apparatus was weighed. The 
rear cavity vas then filled in the same manner 
and the apparatus was again weighed. Comparison 
of these sample weights proved that this place- 
ment technique can give consistent results. 

The insulating box cover was placed in 
nosition, the power leads were attacned, and the 
variac vas adjusted. Sufficient heating ras 
obtained by using 150 watts for clay and 200 
watts for sand samples. 

ihe potentiometer-recorder was employed 
Ко indicate steady state conditions of heat flor. 
See Fig. IX. the repeti titemme: the same 
temperature for five or six successive recordings 
with no trend toward a higher or lower reading 
was considered an accurate indication of equi- 
librium. The first test of a series was always 
performed on the sample of highest voids-ratio. 


Because the temperature of the meterial as placed 
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vas essentially room temperature, more than 
twelve hours vere allowed to attain equilibrium 
and a much longer succession of equal temperature 
readings was required in order to eliminate the 
vossibility of a slight increasing or decreasing 
trend. When equilibrium was indicated, 
the recorder temperatures were read and the 
recorder was turned ofr. The millivolt readings 
oi the thermocouples attached to the hot and 
cold faces of the other sample were then taken 
by use of the portable potentiometer. The 
reason the recorder was turned off was to eliminate 
moration and electrical disturbance of the 
potentiometer during these readings by the recorder 
motor. See Fig. VIIIf. 
The power to the heating element was then 
ие off, and the power leads were removed 
until the equipment was weighed to check tne weight 
taken after nlacement. Then the top of the insulat- 
ing box was removed and the power was again applied 
to the heating element to minimize the heat loss 
during compaction and addition of more material. 
The sample was compacted a small amount in 
preparation for each successive test. This com- 
paction was performed with the three pronged fork 
mentioned in Apparatus. Care was taken to maintain 


a uniform degree of compaction throughout each 
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sample section and between front and back cavities. 
The amount of settlement during the compaction pro- 
cess was maintained equal in each sample by using 
a like amount of compacting effort upon each. 
The sample sections were then filled completely 
by the addition of more of the material under test. 
Fower to the heating element was turned off, and the 
weighing procedure was reneated. The leads were 
reconnected, and the power again was supplied to 
the heating plate. From one to tro pounds of 
sample material were added after each compaction. 
The time required for comnaction varied from fifteen 
to sixty minutes and the temperature of” the hot face 
dropped only four to six degrees centigrade during 
the process. 

Sufficient data was recorded for each test 
to be able to compute voids-ratio and thermal con- 
ductivity. The computation of voids-ratio made use 


of the formula 


е = УТ 65 (1+ ж) 1 
Wt Е о 


where e = voids-ratio, i.e., volume of voids 


divided by volume of solids. 
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total volume of sample 


52 
un 
li 


true specific gravity of the samnle 
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moisture content of the sample 
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total weight of the sample 
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The volume of the sample Vp remained constant 
because of the rigid construction of the sample box. 
Che true specific gravity (GS) of each sample was 
determined by other soil laboratory tests. The 
moisture content of each air-dried sample was taken 
before testing and the values were found to be of 
the order of .05% to .15% and were considered 
negligible. The total weight of each test sample 
was determined by subtraction of the initial weirht 
from each intermediate weight. 

Thermal conductivity ras computed by the use 
pemeguetion (2) К = а 3 — . where 

t A (m - Te) 
l/t = average power supplied to sample рег 
unit of time. 
d = average thickness of each sample in em. 


average temnerature difference between 


In - Te 
bot and cold faces. 

The average pover subplied to the sample per unit 
of time /@) after steaiy state flow had been 
attained 2 merely the vattmeter reading since 
equal amounts of heat entered and left the sample 
during equal time increments. The thickness of the 
sample (d) is held constant by the sample box design. 
The average temperature difference between the hot 
and cold faces of the sample (Th - Te) was determined 


from the potentiometer recorder and the portable 


poten tiometer readings taken for each test. 





As has been previously stated, the temperature 
of each face is given directly hy the potentiometer 
recorder. Тһе portable votentioreter reads the 
millivolt output of the thermocouples; and when 
tos trected by the millivolt reading corresponding 
to the temperature of the instrument connection 
posts, the hot and cold face temveratures may be 
determined by the use of standard conversion tables 
for copper constantan thermocouples. 

The use of average values of weight power, 
and temperature difference served to minimize the 
effect of small variations in nlacement or instrument 
reading. To serve as additional checks against 
possible variations, especially against the possibility 
of disturbance of thermocouple installations during 
compaction, the thermocouple leads were often removed 
from the recorder posts and installed temporarily on 
the portable votenticometer along vith the corresponding 
thermocounle normally read in that instrument. 
Discrepancies could be quickly noted by switching 
the instrument dial from one therrocounle to the 
other and noting any deflection of the needle. Quite 
quen e difference of one or tro millivolts таз 
detected, but this small value ras due to minor 
variations in compaction, ani is considered well 
within experimental limits. The thermoccuples them- 


selves were calibrated for accuracy by immersing 





tlhe Mee ter plate and cooling jackets in waver. 
At successive water temperatures, the thermocouple 
readings were compared with the temnerature of 
the water as measured by a mercury-in-glass 
thermometer. Extremely close agreement tas 
observed throughout a range of 7°C to 65°C, 
Each series of ten or more data runs vas 
itself verified by a check series after the 
point ot highest compaction had been obtained; 
the equinment was disassembled, ard the sample 
was removed. The scales and surrounding floor 
area were carefully cleaned. The tor and sides of 
the scale platform were shielded with paper to 
Reem the sample from floming under the scales. IM this 
manner the sample material vas kept free from contact 
iT any forein substance or dirt. After the 
sample tox had been carefully cleaned of all sample, 
the check series was performed in exactly the 
Same manner as deseribed above, Because the number 
oz check tests per series was usually much less 
than the number of original tests, a greater 
amount of compaction between check tests was used. 
The aim of all techniques emnloyed was to 
eliminate as much ss possible the effects of 
uncontrollable variations and to nrovide subsequent 
investigators vith a logical procedure which could 


produce cmsistent results. 





FART V 
RESULTS 





RESULTS 


ihe results of this investigation can most 
clearly be renresented on a graph of the coefficient 
of thermal conductivity (K) vs. voids ratio (e) 
for each of the grain sizes tested. 

Eleven data tests and three check tests were 
performed on the coarse sand size, 2.0 mm. - 

0.42 mm. The average value of the coefficient of 
thermal conductivity (K) was .000869 cal/sec/em/en?/°C, 
and the average value of voids-ratio (e) vas .716. 0 
The results of these tests are tabulated in Table 1, 
and are statistically analyzed in Table Ia. The 

arapi of the results are shown on rigure I. 

Several points are considerably displaced from the 
resultant curve, but there seems to be little doubt 
that the variation is truly linear vithin the voids- 
ratio limits of the test. 

Fourteen data tests and four check tests vere 
performed on the medium sand size, 0.42 mm.-0.25 mm. 
The average value of (K) was found to be .000736 
cal/sec/em/em’/°C, and the average value of (e) vas 
. 842. The results of this series of tests as 
tabulated in Table II , are statistically analyzed 
in Table IIa, and are presented granhically in 
#igure 11. 

¿ighteen data tests and five check tests were 


neriormed on the fine sand size, 0.25 mm. and lower. 





The average value of (K) was found to be .000698 
cal/sec/cm/em?/9C, and the average value of (e), 
0.870. These results are tabulated, analyzed, 

and plotted in Tables III and IIIa, and Figure III, 
resnectively. 

It was noted that the average value of K 
decreased as the grain size of the sample decreased, 
that the average value of voids-ratio increased 
as the sample size decreased, and that for correspond- 
ing values of voids-ratio the coefficient of thermal 
conductivity decreased as the grain size decreased. 

Values of thermal conductivity of sand deter- 
mined for the different grain sizes were successively 
less than those values found by previous experimen- 
tors. Storch (1) found the average value of K to 
be .000962 cal/sec/cm/cm?/9C. Hershel-Le2our 
and Dunn determined the value of the thermal con- 
ductivity of sand to be .00093 cal/sec/cem/cem?/9C 
as given in the Handbook of Chemistry and Physics 
(8). Hogentogler (9) gives the values of K for dry 
white sand as .000932 cal/sec/cm/cm*/oC. These 
experimentors dealt only with well-graded dry sand. 
The variation of K from the above values caused by 
grading and the varietions between values of K 
Bor the different grain sizes at a representative 


voids-ratio of .75 are shown: 
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Grain Size К cal/sec/em/em?/°C 


CN UII. .42 mm. .000845 
ON mm. T26 mm. .090779 
205 mifi lower .000 761 


When it is remembered that all previous inves- 
tigations treat sand without regard to grain size 
classification, it does not seem that these data 
gre inconsistent with other results. dach grain 
size tested showed the same close agreement vith 
the linear variation betveen (K) and (e) mentioned 
above, within the voids-ratio limits of the test. 

Thirteen data tests and three check tests were 
performed on a vell-graded clay sample, see 
Figure VI. ¡he average value of K for these tests 
was .000875 cal/sec/em/em?/9C  anà the average value 
of voids-ratio was 1.347. The results are tabulated, 
Snalyzed, and plotted in Tables IV and IIIa, and 
Figure V, respectively. Because no previous work 
has been conducted or publication of results 
made for this type of clay sample, no values for 
comparison are available. Lees-Chorlton in the 
Handbook of Chemistry and Fhysics quotes a value 
of thermal conductivity (K) of .00033 cal/sec/cm/ 
em?/eC ij Gt soil", showing the indefinite 
character of most tabular values and serving further 


to indicate the need for specific results. 
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CONCLUSIONS AND RECOMMENDATIONS 


It has been stated earlier in this investigation 
that the apparatus used had been tested by its 
designer, Herbert Storch, and that his value of the 
coefficient of thermal conductivity has been 
compared with the values of other investigators. 

At the beginning of the work, it seemed logical and 
necessary to believe, therefore, that the apparatus 
would produce accurate and consistent results. The 
discrepancy of Storch's average valve of K of 
.000962 (1) from that of .000932 given by others 
can be explained by the very fact that it is an 
average derived from a series of tests, ranging 
from a very loose to a very compact condition. 

This average compaction may or may not have been 
the same as the compaction used in other tests, and 
Storch's work, as well as this investigation, shows 
the extent to which the coefficient of thermal 
conductivity depends upon the degree of compaction. 

Having established the fact that the arparatus 
could give accurate results, the task of proper 
and logical operation of the equipment was next 
undertaken. The apparatus consisted essentially of a 
sample box, measuring equipment, and power control. 
The power input was an independent variable and the 


selection of its value was studied. The hot face 
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temperature was to be kept below 100°C in order 
to retain the hygroscopie moisture in the sample. 
To minimize the number of variables, either the 
het face temperaturne or the power input could 
have been maintained constant over a series of 
tests. The decision was made to use a constant 
input of power because the power was much easier 
to control. To determine whether the thermal 
conductivity would change as the hot face tem- 
perature changed, the first series of check 
tests was made with an increased norer. The 
selected value of power was chosen as 220 watts 
because this power was judged to produce a broad 
vange of values of temperature difference, keeplmg 
the hot face temnerature well under 100°C and 
Showins a distinet drop in hot face temperature 
with each compaction. The percentage of error 
vhich vould have been caused by inaccurate 
temperature measurements {as minimized by the use 
of higher values of hot face temperature. 

Ihe technique of operating the equipment 
vas stated in Frocedure. This differed from the 
technique employed by Storch in a manner designed 
to produce a much larger number of tests and 
thereby prevent exverimental discrepancies from 
intlue@meing and clouding the results. Cnerating 


difficulties also affected the technique of operation. 





One major difference between the technique 
employed and that used previously was the 
practice of allowing the cooling water to 
continue its flow during the weighing and com- 
paction of the samnle between tests. 

The basic reason for this procedure was to 
avoid disturbance of a free-flowing water system. 
The water jackets, though quite heavy, were con- 
structed of weak material, and their protection 


N 


was imperative. Nearly two veeks' time was 

GOM Sued in efforts to locate and repair leaks 

im the coobing jackets, andemanor beaksewhieh 
caused delays appeared several times during tne 
cCounisewot the work inspite of the precautions 
taken. The cause of leaks was the large force 
which could be produced by even a slight 

meessure on tre 20" x 20" surface of the jackets. 
The light sage metal was easily pulled away from 
the 1/16" coprer plate at the soldered joints. 
Fressure increases sufficient to nroduce this 
condition were caused by stopnages of ilo" fron 
air binding or from the water hoses pinching. 
Several methods for filling the water jackets and 
starting flow mere tried using extreme care, but 
none was consistently successful for establishing 
flow without dangerous bulging of the rater jackets. 


The air could not be expelled completely from the 





Jackets during the filling process, and the 
Jackets alrays became air bound to a certain 
extent. <A satisfactory flow condition was 
established only by delicate adjustment of water 
sunrly. 

Although this procedure was dictated as a 
safety measure, an immediate result "as to allow 
a very greatly increaseá number of tests to be 
made. The accuracy of the weights obtained vas 
immediately investigated, and it was found that 
when the desired rate of flor vas maintained there 
was no variation in weight which could be determined 
within the limit cf accuracy of the scales in use. 
While compacting the sample between tests with 
the insulating top removed and the cooling water 
floving, there would have been a pronounced cooling 
of the sample. To prevent this cooling, the idea 
of applying power to the heater plate during the 
compaction was tried. The hot face temperature 
dropped only three to five degrees centigrade during 
the process and this method made nossible the 
rapidity of testing that was realized. A total of 
seventy one tests were made during a neriod of 
about forty five working days. Allowing for delays 
caused by leaks, the testing rate was nearly two 
tests ver day. The additional amount of data obtained 


seems to justify any possible loss of accuracy and 





certainly would minimize tbe effect of any 
inaccurate reading. Weights vere always taken 
at the beginning and end of each test as 
additional checks on accuracy. 

The curves obtained from the data taken 
were not surprising. It is known that a soil 
sample of uniform grain size can not be compacted 
as muck as a well graded sample, and it vould be 
exnected that a lower average value of thermal 
conductivity would result in the sample of uniform 
grain size. i&xreriment confirmed these expectations. 

Definite trends were established by the data 
taken: the smaller the grain size, the lower was 
the thermal conductivity for the same voids-ratio. 
This result holds true over the limits of voids- 
ratio attainable in this investigation: and, since 
the voids-ratio values obtained cover nearly the 
maximum compaction obtainable by any method, it 
would appear safe to say that the general statement 
was true. However, it does not seem proper to 
xtend the curves obtained to extreme theoretical 
values of voids-ratio and make any valid pre- 
mJuetlons. 

Straight line variation was obtained between 
the variables (e) and K and the resultant curves 
were quite conclusive over the range of each 


series. The tendency to extend a straight line to 





its axes as a basis for further conclusions is 
quite strong. Storch (1) used this method to 
predict the analysis of his sand by comparing 
the theoretical zero voids-ratio value of thermal 
conductivity obtained from extrapolating his 
results with the hand book value of thermal con- 
ductivity of quartz. If such an analysis were 
attempted from the curves obtained in this vork, 
different indications for analysis of material would 
result from each of the three curves. The results 
of such application of the curves appear not to be 
reasonable; and, therefore, no similar attempts 
will be made. 

There is significance in the fact that each 
at the curves obtained lies totally below the curve 
of the next larger nerticle size. It can be 
statel that the grain size controls the value of 
heat conductivity more than the total amount of 
voids present in the sample. The resistance to 
heat flow in the sample is made up of the resistance 
to heat flov present in each grain, the contact 
resistance at the given boundaries, and the heat 
insulating property of air spaces. If the 
insulating property of the air sraces contributed 
most of the heat resistance, the coefficient of 
thermal conductivity would te equal or nearly so 


for corresponding values of voids-ratio. Since 
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this result was not found experimentally, the 
other resistances to heat flow must predominate. 
The composition of the sample grains does not 
echange from test to test, and the resistance 

to heat flov presented by the material of the 
grains should not change. The net length of 

the path of heat flow is the same in every test. 
The total length of the path of the heat flow 
varies between tests ritkin each sample size 
depending upon the voids-ratio of the particular 
test. The length of this path should be similar 
in tests of two different particle sizes at the 
same voids-ratio; however, in the test unon the 
smaller particle size sample, this total length is 
composed of very many more individual grains than 
that path in the larger sample. From the results 
obtained herein, the conclusion is drawn that 

the contact resistance offers a major portion of 
the total resistance to heat flow, and that it is 
the principal cause of variation in thermal con- 
ductivity betreen the grain sizes tested. 

A slightly different apnroach to the analysis 
of contact resistance to heat flow may be presented. 
During each series of tests when tne raterial is 
compacted between tests, the positions of the 
grains were changed with respect to one another. 
“hen a well graded sample is under test, the voids 


are filled vith the size of grain most closely 
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fitting each void. In a sample of uniform 
particle size, however, the grains are nushed 
together and change nosition to occupy а smaller 
strace, not by occurying more suitable spaces 
but by assuming a contact surface vith edjacent 
srains of a more close-fitting nature. The 
ultimate low value of voids-ratio is, of course, 
not as compact as that of a well-graded sample, 
pee when it is’resched the number of zzain contacts 
is greater and the contact surface areas between 
grains are larger than inva lesser compaction. It 
is believed that these two factors are more 
responsible for an increasing value of the co- 
efficient of thermal conductivity than is the 
decreasing size of the air spaces ¿during compaction. 
The void spaces are of such a small size that 
convection cannot be considered a contributing 
factor to heat flow, aná, therefore, only the 
insulating nroperty of air is effective in the 
tests conducted. 

A composite graph of the curves obtained of 
each of the three sammle sizes is shorn in Figure IV. 
These curves illustrate the condition discussed 
above, as vell as another trend. The material 
composed of the largest number of grain sizes 
seems to produce the greatest range of values of 


thermal conductivity. It is believed that this 





increased range is caused by the more direct 
patn of heat flow that would be the natural result 
of compaction of a better graded sample. 

When the curve obtained by Storch is super- 
imposed upon the composite graph, (Figure IV), 
m surprisinmgacondítion results. The thermal 
conductivity is actually less for the well 
graded sample in high ranges of voids-ratio 
than the thermal conductivity of the coarse 
sand sample. This condition immediately suggests 
that for values of lor voids-ratio the larger 
size grains are more effective in heat transmission, 
whereas with the sample in a loose condition the 
smaller size grains tend to govern the heat flow. 
The latter conclusion, however, is the result of 
background extrapolation of Storch's curve (shown 
dotted in Figure IV) and will not be assumed 
valid.  Wnat does seem to be indicated is that 
at hign values of voids-ratio tre heat transfer 
path in the well graded sample is across many 
more contact points then occur along that path 
through the coarse send samnle because the well 
graded sample contains many more grains of smaller 
sizes. On the other hand, when the lower voids- 
ratios are reached, the path of heat flow through 
the well graded sample is much more direct than 


the path through the sample of uniform grain size, 
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and the resnitant conductivity is, therefore, 
greater. 

Тһе тері of=coeftieivent of thermal -con- 
ductivity of clay versus voids-ratio follows the 
trend already described for sand. In the case of 
clay, no comparison can be made witn established 
values for the thermal conductivity because no 
established values exist. Further exnlanation 
ou the reasons for an increasing conductivity 
with a decreasing voids-ratio need not be made. 

It is believed that the value of thermal con- 
ductivity obtained within the voids-ratio limits 
ое experiment are valid өте the curve repre-— 
sented is conclusive. The" loper varues"of thermal 
conductivity for clay than for sand must be caused 
by the flocculent structure of the clay particles 
themselves, as well as the high nercentage of 
voids and the greatly increased number of contact 
points presented by the smaller particle size of 
the material. 

The nature of the clay sample and the 
compaction equipment available, limited the cerree 
of compaction obtained. The clay sample was 
clean, natural clay taken from deposits in 
Watervliet, New York, dried and ground in the 
soil grinding mill referred to in Apparatus. The 


clay sizes obtained from grinding varied from sizes 
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passing a No. 10 sieve to fine sizes of .009 mm. 
апа smaller. A smaller maximum size could have 
been obtained, but would have required an excessive 
amount of grinding time. The percentage of 
particle sizes ahove a 200 mesh sieve arnears 
small in the grading curve of clay, Figure VI, 
but the standard laboratory procedure for 
obtaining this curve causes wetting and division 
of natural narticle groups. As actually used, 
the sample contained about 8% by weight of clay 
lumps which would not pass a 200 mesh sieve. 

The minimum void ratio attainable by the 
compaction equipment used was 1.035. This 
definitely sprears high, but was obtained only 
after more than an hour's time snent in rodding 

ne sample with both the three nronged fork and 
a wooden board, Even pounding the board rith a 
heavy mallet was emnloyed. It is advised that a 
better technique for clay comnaction be sought 
for subsequent work involving a greater number 
of clay tests. 

Subsequent work on the thermal conductivity 
of soil samples will deal more searcningly with 
clay, and also investigate the effect of moisture 
in soils. The samples used in this work were 
air dry vith moisture contents varying from 


.05% to „14% before testing and from .04% to 





.09% after testing. This minor amount of 
moisture was considered to be negligible in 
this work, and a true measurement of the moisture 
eontent in the sample during a series of tests 
would have been impossible. In the work to be 
done it is possible that the measurement of 
thermal conductivity of completely saturated soil 
will be undertaken. This work would be impossible 
with the apparatus in its nresent form and using 
the teehniques hitherto established. 

The equipment is composed largely of wood. 
The sample is in direct contact with the wooden 
spacer boards, and no water tight seal exists 
between the sample and the insulation box. In 
ordinary work with dry samples, leaks in the 
cooling jackets caused water to soak into the 
wood of the insulating box. Change in the weight 
of the wooden box of as much as one nound vas noted. 
Another effect of water seepage with the insulating 
box would be to decrease the effectiveness of the 
insulation. Thus, it can be seen that a water 
tight sample compartment is essential to subsequent 
work. 

Two means of obtaining this condition have 
been considered. The first method is to waterproof 
the spacer boards with paraffin, cut rubber gaskets 


to seal the snacer boards against the hot and cold 





= 





face plates, and cover the top of the sample 
with a gasket held in nlace by the insulating 
bom cover. 

A second method of water proofing the sample 
container is to fabricate a light gage metal box 
with reinforced edges and bottom which could be 
inserted into the sample cavities. The thermo- 
couple locations could be changed to the faces 
of these boxes and the weight of the soil would 
press the sides of the boxes against the existing 
hot and cold faces. This type of container could 
be fitted with a gasketed lid and lifting handles 
to make it a completely water tight, removable 
container. The removable element of the proposed 
boxes would save in time consumed in changing 
samples and in the "ear imposed on the sample 
holder frame and insulating box resulting from 
repeated assembly and break-dom. 

A method for maintaining a uniform distribution 
cf a given water content in a sample has not been 
devised. an agitation of the sample during testing 
to prevent excessive moisture migration from the 
hot face would seem to be necessary. Such agitation 
would, however, change the voids-retio of the 
sample, intermingle hot and cold soil, and destroy 
established paths of heat flow. A careful study of 


this requirement should be made along vith the vater 





Ug 


tightness requirements already discussed. The 
conclusion might possibly be reached vhich pre- 
cludes the use of equipment in even its basic 
present form. It is well to note here that the 
process of calibrating thermocouples, see 
Frocedure, also yielded the information that the 
heater plate could satisfactorily be used rith 

the elements in a damn condition. The element 

was dried after immersion by the arnlication of 450 
watts of prover rith no detrimental erfects. It is 
advised, however, that if the equipment is to be 
used in its present form the cooling jackets be 
completely disassembled and refabricated, using 
led joints instead of soldered joints. It would 
also be advisable to install petcocks on the tons 
of the jackets to serve as air releases. 

During the experiments conducted upon the dry 
sand samples, moisture migration was noted to occur 
from the hot face to the cold face of the equi^ment. 
It must be remembered that the moisture content of 
the soil was less than one half of one percent. 

Cn days vhen the atmospheric relative humidity was 
not large enough to cause condensation unon the 
Boom Lace Of ene cooling jackets, this condition of 
moisture migration ras in evidence. 

The fact is established, therefore, that the 


moisture "hich migrated did come from the hygrosconric 


al e ІШ н. 
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Moisture of the sand itself ana not from the 
atmosphere. To complete the experimental verifi- 
cation of the theory of thermo-osmosis, there 
need only be demonstrated that the migration vas 
the result of the temperature difference between 
the hot and cold faces. When the power to the 
heating element was secured, it took only four 
to six hours for the moisture which had migrated 
to the cold Tace to disappear into the remainder 
of the sample mass, The migration did again 
appear soon alter the power was reapplied. 

When the equipment was disassembled between 
test series while the heater plate was still hot, 
the cold faces of the equirment exhibited a layer 
of moist sand adhering to them. This layer was 
held in place by a strong bond of capillarity 
and the thickness of the layer was greater for 
the fine sand sample. These observations do 
strongly tend to substantiate the thermo-osmotic 
theory. 

The limitations of the equipment itself confine 
the discussion of tkermo-osmosis to a mere 
observation of the phenomenon. Subsequent work 
in this field will require further modification 
of the equinment to enable measurement of the 
thickness of the adhering layer and of other 


as yet unknown variables. It is suggested that, 





if the light gage metal box method is employed, 
a pinced side бе incorporated into the еве 
to provide a means of exposing the full face 
eSNibiting the migration layer witk the least 
amount of disturbance by the remainder of the 
sample. 

The migration was observed to be the greatest 
än the particle size most suitablé to 
топас Capillary action. The significance of the 
phenomenon displayed is that another means for 
supplying water causing frost heave is nor shown 
The surface of the ground voulà in this case 
act as a cold face, and the subsurface vould 
act not only as a source of water for canillary 
flow, but also as a hot face which would accelerate 
the normal capillary flow as a result of thermo- 


osmosis. 
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THERMAL CONDUCTIVITY 


dest Yo. LO] 
MaTZRIAL/SlaEk: wae 


To tal 


ti 


Ret. June. 


Terp. [A oC 
Meee Face Corr. Sead. N 


COS Face Corr. Reed. ag v 


RECORDER: 


Hot "sce Tern. 54 OC Temp 
Geld Wace Tenn. e ОС Ave. 


! 


Test No. 10а __ 


PEST 


Date Alam ^. 1980 


CA ol Zia: 


rower 
Average Forer j. 


average “t. 


Samnle 4 а, с. 


Temn. 


Dyer. m 


46 mv 


ec 


— ABB. 
= т 


DUST. 53 
Temp. DIT?. ый 


Date /LZe-4 ££. .950 


№. 1581 52/5125: Ж boue. 


total Fower aad | 
average rower 110 


NU Test 30x 145,0 
Nt. west £0x 

= samples average it, 
mU 2 Samples >, Y 


rOYESGIICLnLzR: 


BET. June. тепп. 18.9 ес 
Hot Faee Corr. Read. “2,846 mv 
Gerd Face Corr. Read. ‚ =] mv 


RECORDER: 


Hot Face Terr 


£ Ly oC 
Cold Face Temr. об 


AVe. 


Teen Diff. 


Samle | 423,7 — 


Tern. 


Diff. (99.5 


t i tra a it u 


(5 
Temps Diff. 65.45 _ 





THUR CONBOCTIWVIPY TEST 


Ber. onc. 


У 


Temp. S 8 oC 
met Face Corr. Feal. m 


vate March 7 1950 


u. Cree Bay Dand ZO e ақы. 


Total rower PI») 
Average Forer 110 


Average Wt. 
Same 48.4 X 


Cold Pace Corr. 3esd. .44. ту = 
RECORDER : 
Hot “ace Tenn.: °C то т. 
Cold Face Term. ec ee. Бет. 2177. Вы — 


Meet No. 1 po 
- ра es = Жы. 
Material /Sl4s: 


BOX 14%. б 


NC. Test 
wt. Test Box 

& Samples ; 
we. 2 samples za ё 


femme. O;.27hR: 






Date_ March G 21056 


Is bave- 


Total Fower ala 
Average Fower LOG 


average ijt. 


Sannle__93,8 —— 





Rer. June. Tern. / a = Tenn. _ 
Hot Face Corr. Read. a = рігі. 50,45 
Cold Face Corr. Read. iv = 

RuCURDuk: 
Hot Face Terr., 7.5 об emo Diff. 74. 
Cold Face Temp. °C awe. Temp. DITT. 





THERMAL CONDUCTIVITY PEST 
Date larch ZO 12350 
wet Мс. IOS — — _— 


MaTZRIAL/Sl2oz: Cow Lay Sand LD He FZ mm. 
We. Test Box 195,0 Total Fower eiae 


wt, Test 30x Average Forer ШЕ 
& Samples Average ‘Vt. . 
it. 2 Samples Samnle 44.4 
TEN TIOWZTER 
DE Junc. Terp. (4,0 og = if mv Temp. 








mee Pace Corr. Read._@.76 mv yj 4970 р177.%0 4 
Gola Pace Corr. Read. _. da = 7 ANM C 


RECORDER: 


Hot Face Temp: 67 oC Temp Diff. 59 
Cold Face Temn. A oC ave. Temn. DIETZ, 84.22 





Date Air /О 1350 


Test No. [66 н 
la] ShlaL/SlaE: As bove 


Wt. Test Box 8.0 Total Fower ad «4 НИ 
МЕ. Test 20x «average rower NAS 

po semples + average it. 
NE. NE sar ples 52-8 Sample d4, q 


КОЕШ ГС тен: 


г. June. тест. 14 ‚© 
Het Nace Corr. Read. a. Sq 
Cola Pace Corr. Read. -A3 


2 = mv Tern. 
(102.98 °C Diff. S675" 
“оО °C 


Ке, 
(D 
! 


H 


N 


Hot Face Tenr. 2 °С Temm Diff. 3e 
Cold Face Тело. eC Ave. Tenn. Diff. 60,309 





THERMaL CONDUCTIVITY TEST 


Date //,195 
Mest No. 107 


MaTERIAL/Sl45: А” Day Sand 290 7o. on. 


Wt. Test Box [45.0 Total Fower eigo 
Bie Test 30x Average Foyer НО 
& Sarples ol SS Average "t. 
Wt. 2 Samples | | 490.7 — Samnle ds, 35 
b 84 mv Temp 


Ret. June. Temp. š oC 
Bot Face Corr. Feat. mv ос Diff. 58.95 


ea 25.00 
ES Mace Corr. Read. 77 mv = (2.94 оқ? 
RECORDER: 


Hot хосе Тело. G6@.0 oC Temp Diff. SA.O 
Cold kace Temp- 5.6 ОС ave. Temp. Diff. 28.12 


Date Adarch  £/ 1950 
Test No. 10% 
LAPSRIAL/S12E: I / әсе 
it. Test Box 5,06 Total Fower AO 


M Test 20x average rower L1Q 
& Samples A D. (o average wt, E 
#5. 2 Samples__ Gl te Загар Те 4s. 9 


КОШУ Т ТО ТАК. 
Rei. June., Tern. 23.0 Ө = , Sl mv Temp. 
Hot Face Corr. Read. 2.66 rv = ос Diff. SR 
Bod race Corr. Read. ‚a? my = o 

RECORDER: 


Hot Face Terr. bG oC Тепп Diff. 37 а 
told Face Tenn, 9 ос Ave. Temm Ditr. S 936 








THERM.aL CONDUCTIVITY TEST 
Date ис ZZ 1250 
lest Yo. LOG 
NaT3RIAL/Sl45: anf چ‎ А 


№0. Test Box 105.0 Total Forer / 
Wt. Test 30x Average Forer ) 


& Sarples eb 27. 6 Average ‘Vt 


Wt. 2 Samples 92:6 | Samnle 46.3 


BOSMI TIOXZlI£R: 


Ref. dune. “erp. 19.3 euo к ‚ 76 mv Temn. а 
Hot Face Corr. teat. «4.5 mW = , оС Dirt. 259 
Cold "Pace Corr. Read. LAS ІІМ = . ес 

RECORDER: 
Hot “ece Temn. (4 oC Temp Diff. $5 
Cold Fece Temn. 9 ОС Ave. Tenn. Diff. 55.05 


Date / гг 2.1950 
ЕЕ о. JO | 
LaTzhlaL/Slaz: Оз Жеәиее- 
uz rest Box ). 0 Total Fower 216 


Ш est Sox average Power [09 
& Samples el average it, 
ut. 2 Samples ) Sannle 42.0 


ШЕТШ IO.ZlrR: 


Mel. JUNC, TEN. с 9 oC: = i 672 mv Тегу. 
He Hace Corr. Read, nv = Oa об Diff. Ses 
Cold Face Corr. Read, 3 m = 7 oç 


RECCHDER: 


Hot Face Terr. (23 °C Tem Diff. 950 
^ m mn > е 
A теп 


Cold Face Temp. б, ос 








THERLaL CONDUCTIVITY TEST 


Date NdarcA_/3_1250 
Pest io. 114 


MMTSRIAL/Siocsz:_( ZA Lay SA ED A_: FE mm: 


w. Test Box 195,0 Total rover 
Wt. Test 30x Average Forer 
& Samples AYA. 3 Average Wte 
wt. 2 Samples 9 3 Samnle 48.7 
POSIWTIOSDTER: 


ЕШ June. Temp. Al = ‚ 83 nv Temp.  . 
Hot Face Corr. Feast. &.33 nv = 4227 ос Diff.5g 


Col3 Face Sorr. Read. OA пу - 4 ec 


RECORDER: 


Hot "sce Temp.: (1 oC тешр Diff. Sa 
Cold Face Tenn. 4 °C Ave. Tenn. Diff. Se... 


Date _/Mosch Lf 1950 
Test No. 1-A 
NEUSRIAL/S12: SPs b ope. 


me. Test 3ox 185,0 Total Forer eso 
ШІ 155% 20х average lower 125 


& Samples abe A average 1%. 
wt. 2 Serples, Sannle 432.7 


ШОЕ ИО OTAR: 





Temp. 


^ ON Diff. 
mo оС 
RECCRDLAK: 


Hot Face Terr. 04 Temp DIET. 7 ( _ 
Cold Face Temp. & ive. Teno, Dir, 71 


о 
2 
И 
r 
E 


пе June. Тест. 


ЕП hace Corr. Read. c 


Coma rece Corr. Read. 


3 
= c 
И 








THERMaL CONDUCTIVITY TEST 


Date March £9, 1960 


MaTZRIAL/SloE: Cow Say Sá о M 


Wt. Test Box 145 >. Су Total Fower ASIN 
NU. Test 30x - Average Forer__ set 
& Samples ; Average "t. 
Wt. 2 Samples < Samnle_ 94,95 
FOTENTIOXZTER: 





Ref. June. Temp, O4 С = - Ol mv Temp. 
Hot Face Corr. Reet. AOB пту = f) oC Diff. @@.8 
gud Face Corr. Read. e] w= 7 ec 


RECORDER: 


Hot “әсе Tenn. ) 5 ос Temp Diff. (46.275 
Cale Pace Temp. 2.25 ОС ave. Temm. Ui, (2,6 


Date ZS 1950 
Test No. ес — M 
haTahlaL/Sisi: ох bodes © 


mo. Test 20x (45.0 поа Power 95% 
Wt. Test 30x Avene e MO WET 125 


& Samples average wt. 
Wi. 2 Sarples Е Sannle 46.9 


Pema LOL ii aR: 


Ref. June. Tern. at. e0- ,86 mv Temp. 
Hot Face Corr. Read. AGA mv 709,25 _°C Difi. (03 
Gerd reece Corr. Read. 2 mv = 2A4 °C 


R BOC ADO : 


Hot Face Тетт. 2 °C Temp Diff. (03 
Cold Face Temp. ӨС Ave. Lern. Dia. > 


M 








THERM.aL CONDUCTIVITY TEST 


Date EIG 
fest Yo. 201 
MATERIAL/SI2E: б rA & q 
Wt. Test 3ox [25,9 Total rover 2:20 
Nt. Test 30x Average Forer MES 
& Samples 214.3 Average "t. 
Wt. 2 Samples 78.4 Sample 29-7 


Ref. June. Temp. 22 € 
Fot Pace Corr. Rea?. 3. 3EV 


88 mv Temp. 
Diff. (9 


f I I 
| 
с 
о 
о: 


Sole Face Corr. Read. A ту 6.25 ЕЕ 
RECORDER: 

Hot 7ece Temn. 822 °C Temp Diff. р 13.2 

Cold Face Тео. O °C Ave. Temp. DIET. £535, 72 


Test No. 202 


атра / 51020: y е 
ШІ. Test Box 195.9 Total Fower uo. 
Wt. Test 3ox average Power [LO 
Samples = average iit. 
"uw 2 Samples | Sanrle 90,9 


-- 


ОТТО ть. 


EL mv Tem. 
00C Dif. HE 
Ges ос 


Ber. Jene. Temp. 22028900 
met Pace Corr. Read. Z4 Y mv 
бола face Corr. Read. ЛТ 


now M 


RaCunDsak: 


Hot ace Terr. fdo 9C Tem Diff, 2228 
Cold Face Temp. £3 9c Ave. Temp. Diff. 210 











THERMAL CONDUCTIVITY TEST 


Date MAE J P1950 
Best Mo. RD _ 
MATERIAL/SIZE: au а ж” 
Wt. Test Box L£3,7 Total Forer 22720 
me. Lest Зох Average Forer [AO 
& Samples DIGA. ame Th. 
Wt. 2 Samples ELL Samnle АА 


EOTEN TIONETER: 
Ref. Junc. Temp. ALO = 
Rot Расе Corr. Neal. Las 
Gad Face Cour. Read. а ES 


RECORDER: 


ot “ace Temn. TES oc Temp Mff. TOY 
old Face Temne Ed oC ve. Тео. ПЕР. 70.37 


fi mv Temp. 
a Ae °C Dit Zee 
ел С 


H 
C 


Da te Ш /2 19 50 
Test No. 20“ 


LATZRlAL/SIAE: Love 
Wt. Test Box A7 Total Fower LAE 
Wt. тесі Вох average Power Lite 
& Samples JLo Average "Ut. 
Wt. 2 Sarples Z7 4 Sannle HAIE 


CORAT OL DILAR: 


ФА пу Tern. 
Fhe OC ріг йа 


Ref. Junc. Tern. SE, os 


Mot Face Corr. Read, ILTEN 


Cold Face Corr. Read. E Z Ny 4 us oU 
RECCRDEK: 
Hot Face Terr, ос бе Dif. О. 


Cold Face Temn. ZO °C Ame. Tema DITT. CLAS 








Тазе //22 22 1950 
Test Хо. ЕЕ 


MaTEZRIAL/Sl4E: (dot a ” 
7%. Test 30x ¿TDT Total rower 220 
um. Lest 30x Average Forer [LO 
& Samples 22292 average "it. 
Wt. 2 Samples Lla T Sample LILI 


.92/ пу Тепп. 


er. June. Terp. Ig aucto 
J 7570 5C Dif. 4T 


Ref 
Bet Face Corr. fread. DL 
Co) 


n mn 


а Pace Corr. Read. exc TIN 75 °C 
RENSORDZSR: 
Hot ace Tern. 750 °C Temp Dff. 6/ 
Sola Face Tenn. AOS O" ANO. Temp. 0172. ALTE 


Da. te е 24 1950 
Test No. _ an | 
liatshlaL/Sias: ks гв 


Wt. Test 3ox LIS Total Fower 222200 


Wt. test 20x „venage Foimer LLO 
& Samples 2443.7. average “it. 
wt. 2 Samples LL LE Sannle LIF 


ОШТО ТЫН; 


Ref. June. Tern. LY os 


Hot Face Corr. Read. Og mv 


mye’ TOP. 


س 
0с тігі. 260‏ 190 


"wm 


Cold rece Corr. Read. p IV Сес 
КЕБШЕ А: 
Hot Face Tenn, 7/0 °C Tem ВІТ. 6 


Cold Face Temn. PO °C Ave. Temp. Diff. 6 $6 





THERMAL CONDUCTIVITY TEST 


Date ае 4 1950 
Mest No. 7 


МаТЕВТАТ/ 5105: (2а/ 3 
Wt. Test Box ($2.7 Total Fover „ы 
MU. Test Box Average Forer LLY 


& Samples eS % Average ‘Vt, 
E 2 Samples  . 5. Samnle ТЕСЕ 


FOTZETIOXZTER: 
Ref. donc. Temp. AT. Ё oc 
Hot Face Corr. Real. 2/0 mv 
Soe. Face Corr. “Pad. iM mV 


RECORDER! 


Hot Tace Terp.: 245 °C Ween Diff. ae 
Cold Face Temne aS 66 Eve. Тот. ПЕР. 


ФО пу Temp. 
FLAS °C Ті. 25 
£0 c 





MN 


Date fe | u$. 1950 
Test No. es 
15/5105: 4 ге a 


fe. Pest Box LDS Sim Total Fower hie 


Wt. Test 20x average Power LOS 
| & Samples 272.9 average it. 
me., 2 Samples. _ lI Sannle Sf 


memento. oa: 


we 7 mv Tem. 
2290 Difi. Zea 


Re. JUNC. iemn. оос 


Hot Face Corr. Read. Seve mv 


tou dg 


Dala Fece Corr. Read. -J2 RV #2 25°С 
RECORDER: 
Hot Face Tenn. | — LY ec TED Dict. 


27% 
Cold Face Temp... 270.90 Ave. Temp. Diff. U/L 








THERMaL CONDUCTIVITY TEST 


Date Mad P 1950 
Mest Mo. did 


MaTZRIlAL/Sl vi: Lea Bay Jad- SE ALS me 


№. Test Sox LIS Total Fower 220 


m. Test 30x Average Forer 110 
& Sarples 275.0 average Wt. 
it. 2 Samples а Samnle М2= 


FOTANTIOXZTIBRR: 


Ref. June. Temp. — 127° LE nv Temp. 


ot ace Corr. Read. — A GM = LLO °C Diff. Z2 Z3 
Gold Face Corr. Read. SEIN = Zas °C 
RECORDER: 
Hot "ece Temn. 2206 Terp DMT, TIL 
SUNG Pace Temp. A FC ME. Menr. DifE, 77 2” 


Date_ 27 1950 
Test No. AS 
IU SEIAL/Sloz: 2 Ze 
Wt. Test Box SYS. Total Fower جص‎ 
Ж. Test 20x average rower LLS 
& Samples 22 2212. average iit. 
wt. 2 Samples | 4-2. 7 бапт1е S. 


Peer iO). tink: 


mer, June. Temn. сы C 
Hot Face Corr. Read. vnda ту 
ӨШІП Face Corr. Read. e MV 


RECORDER ; 


Bot Расе Тетт. P X °C emo Diff. AA 
Gena Face Temp. ESO we. nop: DIET. __ 28772 


/ nv Temp. 
5 6 DIfI. и 
er 


uH Wn IH 





THERMAL CONDUCTIVITY TEST 


Late Maz «2 Т9 50 
fest Хо. 9545 


MATERIAL/SIZE: we 4 uiti. 


ШІ. Test Sox LF VS. Total Forer «220 


Wt. Test 30x Average Porer [40O 
& Samples Sagem Average Vt. 
Wt. 2 Samples 220 Sample RE 


EOTINTIOLETER: 


Ref. June. Terr. Aen. °C 
Fot Face Corr. 5Resa3. TL пу 
Gud Face Corr. Read. esti AV 


Р ZL mv Temp. 
a AIM 9€ Dif!._ZI.25 
— 


ОҢОП 


Hot Face Tern. a Ce. tern Duff. Liab 
м 


Cold Face тет. o0 dme, Temp. Diff. 747 IZ 


Date Фе «d 1950 
Test No. caca 5 


haTSRIAL/SI2z: pA Оа 


Mt. Test Box LD VS. Total Forer PRO 


Vt. test BOX average Power  .- o 
& Samples 22/102 average it. 
Nt. 2 Sarples, 2258 Sannle 2 کک‎ 


OPIO lar: 


Ref. June. Temp. 73 3C 
Bot Face Corr. Read. Jab. IY 
Cold race Corr. Read. -AF ON 


-Z6 me Tomp. 
oS Diff. ай 
E A SS 


n n uv 


RECORDAR : 


Hot face Terr. ; oC Temo Diff. CFG 
Cold Face Temp. OC wee Tem». Diff. 6&7 m 








THERMAL CONDUCTIVITY TEST 


Date //Z74 <7 1950 
fest No. 236 


МаТЕВТАТ/ 5106: / = A2 AS 
Mo. Test Box ИТМ 57 Total rover e. 
Wt. Test Box Average Forer B. 
€ Samples EAE Average "t. 
Wt. 2 Samples ET xk Sample HIESS 


Ref. June. Temp. АГАЕ SC 
Rot Face Corr. Sead. uu 7. mv 


ZZ uy Temp. 
_ бы CC Diff. ei. 


и Ш 


Gola Face Corr. Read. Sf mv F Zo € 
RECORDER: 

Hot Tace Temp: 77 “°С Tenn Diff. E 

Cold Face Temp.: feof 5C Ave. Temp. Diff. ZEE 


Date Mye_227 ieso 
Test No. ca 2 


оо Ls hue ДЛҺ 


Wt. Test Box LEM S. Total Fower Zo 


Wt. Test Box average Fower Ж 
& Sariple s Е 25. average it. 
Wt. c Samples__ samnle Тана 


fo му Tem. 
ZAPF SC ОТР 28 
AR. OO 6 


Ref. June. Тего, ED fa FG 
Hot Face Corr. Read. LUE, пе 
Cold Face Corr. Read. ‚SS nv 


RECORDZR: 


Hot Face Terr. 73,7 °C "Poems Diff. ERE 
Cold Face Temp. И °C iver Temp. Diff. DM AM 


"o "o 











THERMaL CONDUCTIVITY TEST 


Date Mae 22 1950 
Best No. — 2-4 __ 


XaTZRIAL/SlaE: (c ке - ил 
Nt. Test Box A Total Fower ADO 
"mU. Test Вох Average Forer [LÔ 
& Samples AL 4 average ‘Vt. 
Wt. 2 Samples ZLI Samnle R4 ^ 
FOTSNTIOXZTER: 
Ref. June. Temp. ZHAO °C = Air Temp. 
Bot Face Corr. Read. 2.27 mv = ГІ 25090 DT -// cm 
CIE Pace Corr. Read. .%75/ = ЖЕУ 96 
RECORDER: 
Hot ”>ce Temn. 77453. 90 Tenn Diff. A 
Sold Face Tenn. L as oC Sre. Temm. Diff. 
Date #742 “гд 10150 
Test No. 2-6 
патокі, / 9102р: 2% A ve 
Wt. Test Box 112 7 Total Forer AND 
№. Test 20x average Forer Lf 
4 Samples e average 4%. 
wt, 2 Samples 12, 2 Sannle TPS 
ECO BT TIO: R 


¿SER my Temp. 
I 2 °С Diff. ZIG 
6. O oc 


Ref June. enn. MÍA oC 
Hot Face Corr. Read. Ji ШҮ 
Gola race Corr. Read. AI ту 


RECORDER: 


Hot Face terr, И oc Teme Diff. 288 
Cold Face Temp. С) °C Aver Temp. DIR Za. 


Hon HI 





THERMaL CONDUCTIVITY TEST 
Date MAR 23 1950 
Test BN. —— 9 NE us 


КАТЕВТАТ/ 146: Сос4 Жау 52ла/- „Alal ma 


Wt. Test Box /14 7 Total rover ALA 


Mi. Test 30x Average Forer LOL 
& Samples ALI Í Average ‘Vt. 
Wt. 2 Samples 464” 227 Samnle 662: / 


‚ Я? пу Temp. 
me gue 0С DIT was 


О 
с+ 
rx] 

2 
э 
т 
о 
о 
^ 
қ 

“г) 

D 

o 

s 

4 а 
"uw 


Cold Face De Sand 72 


AD С 
RECORDER: 
Hot “ece Temn. Жамбас Temp Diff. 6.27 
Cold Face Temn. 72,0 °C devo. Temn. Diff. Gu D9 


Date_MWge ££ 1950 


laTzRlaL/Sieon: 2 /</044е 
me. Test Box AAR Dowal. Fower AAS 
ШЕ, Тесі 20x average Power Lai] Sa 


& Samples ; average sit. 
№. 2 Samples m. Sanrle SAS 


CONE IIODNETER: 


Pet. June. Tern. ZI STORE 


Hot Face Corr. Read. m TN Iv 
ӨРІП rece Corr. Read. 2 mv 


RECORDER: 


Hot Face Terp. Loc Tego Diff. 520 
Cold Face Temp. Я 5 0С Ave. Temp. Diff. GIs 


7 Www Terp. 
ک7‎ 6C Difr. 85 
ee GERN 


hou H 








THERMaL CONDUCTIVITY TEST 


Date A /7, 1950 
Test No. 3 0l 


NaTZRIAL/SLOE: Cow Bay TU ¿Ll rm LO Mer 
Wt. Test Box 199, S Total rover . egeo | 


Mt. Test 30x Average Forer = 
& Sarples Dik Average Wt. 

Wt. 2 Samples 76. @ Samnle_ 38.2 
FOTRNTIOXZTRR 

Ref. June. Temp. el oc = : mv Temp. 

Bot Face Corr. Зеа3. 23,98 _ пу = а ос  Diff.(Óo us 

66131 Face Corr. Read. «AS mv = 4.0 ae 
RECORDER : 

Hot “sce Tenn. 220048 22. SO Bern pp. О. З 


Cold Face Temp. 10 °C ave. Tenn. Diff. Bons 


Date Goril (57, 1980 
ЕЕ No. Зод 


IS SEIAL/SloE: Is boe. 
Wt. Test 30x | 44. 5 Total Forer ARO 


Wt. Test Вох average Fower, [10 
& $әпр1ев__ of 7a. el average it. 
wt. 2 Serples. | ur? Sannle „32. б 


IO. ata: 


Ref. June. Temn. 23 © 
Hot Face Corr. Read. 4,06 mv 
Cold Face Corr. Read. 38 mv 


RaCCRDsR: 


Hot Face lerr. 88 °C Temp Diff. ر‎ 
Cold Face Temp. 10 oc Ave. Tenn. 0117. 9. 


4 ql mv Тего. 
864.50 oC Diff. 4,75 
A Oe 


uo 


И 





IHERLAL CONDUCTIVITY TEST 


* 


Date «аға ID, 1950 
Rest No. 203 


MATZERIAL/SlaE: Coy Bay Corel ¿2 ym, LoWwer 
№. Test 3ox [49.5 Total Fower LAND 
№. Test Box Average Forer [10 
& Sample _— RR 273.0 Average 7%. 
Wt. 2 Samples 748 2 Sample, 34,4 


Ree. Junc. Tern. с 6 Ac = mv Temn. 
Hot Face Corr. Fea?._3. 83 = |. ос mer ВОИ 
@oia Face Corr. Read. DÍ Bv = LÓ eu 


RECORDER: 


Hot “ace Tern. 41.7 °F Темп Diff, 20.7 
Cold Face Temn. 11.3 оС re. Teen. Diff. о 


Date X27,/  /7, 1950 
Test No. 304 


MaTShl al /Slos: РС e 


mu. Pest Box 144 5 Total Fower AAO 
Wt. Test Fox average Power ШО 


& Samples 25. average st. 


Mm. 2 Samples__ 6 Sanr леа А. 


ІСТЕБТІС, 21,5: 
© 
‚ mv Temp. 
mae ос тігі. ЖЫРА 


met. June. Tern. 28.2 оо 
Cold Face Corr. Read. 434 mv = BRD °C 


Bot Face Corr. Read. 3.24 mV 
RECORDER: 


Hot Face Terr. Qo |. оС Temp Daft. 
Cold Face Temn. Ll ӨС Ave. Sen». Dif. 


И 


! 





THERD.aL CONDUCTIVITY TEST 


Test "o. 2065 


MaTZRIAL/Slaà: УУРУ ‚259 mmm. , [Iwer 
Wt. Test Box 144. 3 Total Foren aaa 
me. Test. 30x Average Forer IHI 
& Sanples al 48 average “t. 
wt. 2 Samples 60.3 Samnle__ qo.) 
БЕӘПТІСІСЕТЕН: 


Ref. dune. Temp. m 4,8 Temn. 
Hot Face Corr. Rea? =_89.8 °c Diff.)9.55 
Come Face Corr. eE. m m E б. д5: с 


RECORDER: 


11 
#3 
4 





Tern. GO SC Temp ПЕР. VE 


Hot ">ce " 
Cold Face Tem- Ц.“ 96 дее. тетт. ТРТ. 


we, Test Box 194. S Total Foer 
NM test 2ox ха average Forer 

& Senples, e325,5 average Tit. и 
we 2 Samples Bl. © Sannle Q. 


T C TER TUI Cron 


Ref. June. Temp. с = GI mv Temp. E 
Hot Face Corr. Read 55] ту = йо ыз ос Dic 18.5 
Coma rece Corr. Regd. „IS my = [1.5 ос 

RaccRDs&: 


Бе засе тег, 81.5 °C Tempo DIM, Ч. 


Cold Face Temn. 11. ос Ave. тат. ВЕ. 





THERMaL CONDUCTIVITY TEST 


Date April LE, 1950 


MaTZRIAL/SloE: Cae [Day Dand. 2S wm (ower 
Wt. Test 3ox 4.5. Total Fower E 
WE. Test 3ox Average Forer 
& Samples Fee average ‘Vt. 
Wt. 2 Samples Samnle 4(,.O 







FOTANTIOMETER: 
Ref. June. Temp. оС - r mv Temp. 
ВОТ Face Corr. fead. my = У OC Diff. 8O 
ЕСІП Face Corr. Read. 


mV = YAS. ec 


RECORDAR: 


Hot Tace Temp.: Lt oC Tenn Diff. 99.9 
Cold Face Temn. oC аме, Тепп. Diff. 20,67 





өле ә/// / 71950 
Test yo. _ ЗОВ 
watakialL/Slaz: Ds ev 
№. Test Box 144, S Total Fower eal? ae 
Wt. Test Box average Power Lio 


Ee samples 2870.7 average iit. 
иї%. 2 Sarples — Sannle_ Gil 


rOTENIIOL-izR: 
Eom June. Bern. c. a оо 
Gem Hace Corr. Read. А mv 
pera race Corr. Read. mv 


RaCCRDsk: 


HON Face Temp: вё. оС Temo Diff. 26.2 
Cold Face Temp. 81 оС Ave: Tenn. DITY. QUO EM 


„097 ту Temp. 
80.05 ос ditt. 94.956 
_ ча °C 


ин 


i 





THERMAL CONDUCTIVITY TEST 


Date ии, <, 1950 


lest ^o. 204 


MaTZRIAL/SlaZ: ¿cl DS vn, [Der 
Nt. Test Box__194.9 Total Fower Axo 
Me lest 30x Average Poer 110 


& Samples 229.1 Average ‘Vt. 
Wt. 2 Samples 92,4 Sample 41.2 







= Ba mv Temp. 
mv = o oC Da TE .24. ns 
an = 4 С 
RECORDAR: 


Hot засе Tern. i ос Tenn Diff. 75,8 
Cold Face Tenn. оС Ave. Temp. Diff. at & 


Ref. June. Temp. 
Hot Face Corr. Res?2. 
Game "ace Corr. Read. 


Date are! 20 1950 
Test No. 310 
La TáhlaL/S143: AAA 


me lest 3ox > Total Forrer cx L.S 
Wt, Test 3ox average Pover 4427.5 


& Samples 4281 average 4%. 
WM 2 ms Sanrle 923 


ОЕ OLIzR: 







‚28 mv Temp. 


Her June. Temm. 


Hot Face Corr. Read. пу = _ ВО, 95° °c Diff. OLA 
Cold Face Corr. Read. av = 4.50 °C 

КОО ЕРАК: 
hot Face ісер, &3 oC ' Temm Diff. VAR — 


Cold Face Temp. /2.А oC Ave. Tem». Diff. /24.2a2. 





THERMAL CONDUCTIVITY TEST 


EM unse 


Test No. 


Date Par / 22,1950 


MaTZRIAL/Sl2&: — УЛТ eo a 


We. Test Box | 7745 
me. Test 30x 

& Samples : 
Wt. 2 Samples SoS 


POTENTIOMETER: 
aS. 


Cold Васе Corr. 


RECORDER: 
Hot p de AM us © 
Dowd Pa Зет. Lh NM ос 


No. ЗДЕР, 


Test 


Read. AL mv 


Total Fower___<20 vv 


Average Forer << 
Average Vt. 


Samnle 2G 
об = LA . mv "emn. 
= оо Diff. TS 


ABUSO 


Temp Diff. ZL 
ave. Temn. Diff... WS 


Date_ Perl _2/, 1950 


na TúhlaL/S143: Ss Abos. 


We. Test Box LPFG OS 
wo. lest Box 

& San ples “ӨО 
wt. 2 Sar PSSI ме. © > 


ONI OTR: 


s E 


Ret. June. Temn. 
Kot Face Corr. 
Geld Face Corr. 


RECORDER: 


Hot Расе тет. 


Веаа. _2.2е _ _ 2.3 Nv 
Read. .9afH mv 


dc 2 Са ғс 
Cold Face Temn._ Z0.8 °C 


Total Fower. | c€O  .—  . 
average Power  //2 


average vt, 


Sannle 4X2 
оС = . FG mv Temp, = 
- 72600 oc тігі. 7226 
== G 
тело рїїї.____/ ее ___ 
Ave. Temp. pup те К uel. 





THERMaL CONDUCTIVITY TEST 


Date Р SINE 
Test Yo._S73 
MaTZRIAL/SiaE: «ми ng Sand ¿ES зле. OCG 


Nt Test Sex 77> _ Total Fower 220 
Wt. Test 30x ева сее рвет 1/2 
& Samples Zé“ Average Vt. 





Wit. 2 Samples__ Д2 ( Sample — Xx 


Ber. June. Tern. 22.2 og = дей пу Temp. 
Fot Face Corr. Сеә?. 2 Ж nv = LE °С fr. "ONE 
GORE Face Corr. Read. S: mv = we ec 

RECORDER 


Hot “ece Tern. SSC SG Wenn 171. ЖОС 
old засе Tenn. /2.0 oC ave. Temp. Diff. 2228 


Date Жа/у/ 22,1950 





watahiaL/Slas: M; «eve. 


it. Test Box__ (PAS Total Fower zx Е 2" 
We, est cox average Forrer [90.5 

E Samples c average 1%. 
We 2 Samples и Ѕапт1е 240 


EON) 0; nian: 


pet. June. Tenn. co еб ‚7 пу Temp. Д 
Het Face Corr. Read. <27 mv #792 оС Dill = 
Cold Face Corr. Read. ,-e mv {2.2.5 ос 


ин 


RECUR DER 


Hot Face Terr, 220 90 Tem Diff. exo 
Cold Face Temp. MA- C өс Ave. Temp. ін. “ЖЕ. 








THERMaL CONDUCTIVITY TEST 
Date ие 22,1950 





lit Uo. 2/746 3 .. 


MaTZRIAL/SlaZ: Cow а Sl oS Mp. LI trt 


Ei. Test Box LF- s Total rover е5 2 2422. 


NL. "est 3ox Average Forer А 
& Samples | 2427 Average “t. 
Wt. 2 Samples £e Sample AF. 2 


POTSNTIOXZTER: 


Pee. Junc. Temp. 2s oon RA ^ mv  Temn. 


Hot Face Corr. Fead. PO пу = $40 °C Diff. ZIS 
Gola Face Corr. Read. -S/ му = 2-6 ec 


N 


RECORDER: 


Mot “әсе Tern. KE SD ERD pire. 202.9 
Cold Face Tenn. 1. oC ave. Temp. Difi.Z79g.-—9 —- 
Date Afri ZZ _1950 
Pest No. S/- 
МЕНЫН / 5100: 225020 
Wt. Test Box “PHS Total Fower__ 2202  )4-. 
Wt. lest 30x average Power ге 
& Samples <%6-О Average Nt. 
NEL 2 Sanples.  77z$- Sanrle 5.8 


AO alar: 


nv Temp.‏ ۶ک 
Zio °C Dif. é‏ 
LOS 2G‏ 


Ref. June. Tenn. 2a ec 
Hot Face Corr. Read. 227 mv 
Cold Face Corr. Read. fl 


ин 





RaccRDsaAR: 


Hot Face Terr 70 oC Чет DEI. ШӨ A 
Cold Face Temn. ае °C Ате. Teno. Dim 275 . 








THERMAL CONDUCTIVITY TEST 


Date rz, Zt E, 1950 


lut No. 277 


MaTZRlAL/SiaE: ж Жемнен е 
Mme. Test Box LIS Total Fower ac 
me. Test 30x Average Forer ж 
Е бәгріев 220 Average Vt. 
Wt. 2 Samples FEST Samnle_ $F 


men. June. Temp. жаза” E 0/4 пу Ten. " 
ШІ Face Corr. Feal. X7 „ту = 75.9 002 Diff. eS-3 
Cala Face Corr. Read. Rf ae = LOS SE 





RECORDER: 


Hot Tace Tenn. Рес” 9C Tenp Diff. CIF 


Cold Face Teme /42— °C ave. Temr. Difi.g@s-7 — 


Date ers! 2=7 ‚1950 
Test No. 3/8 
E 20/51/48: Je Abovce- 


Wt. Test Box TES Total Fower 2242. 
ШІ! (өсі Zox average rower LLL 


& Samples <*%-G average vit, 
Tw 6 carpes FAN Sannle 77 < 


Ref. June. Tern. SPE ос = Р пу Tern. | й 
Hot Face Corr. Read. S207 mv = ҰР *C. Di. CS 
Cold Face Corr. Read. .27% ny = Fae PC 

EC URDUN: 
Hot Face Terr. 22 об meno Di*f. 2 5.6 





Cold Face Temp. 0-.@ °C Ave. Tem". Diff.@3:72— 





THERMaL CONDUCTIVITY TEST 


Date ры 26,1950 
Test Yo. SA 
KaTZRIAL/Slaoz: Kd ay Dad PG rn, (ower 


NL Test Sox | 774.9 Total rover ее = 
E lest 30x Average Foyer “ХЕҰ? 

& Samples 27% 0 Average Tt. 
Wit. 2 Samples их © Sample | 32457 


DONE IIOXSTER: 


ПӘ Junc. тегү. 2 


Fot Face FOE: пеша. 2%” 7 

DUNS Face Corr. Read. = 
RECORDER: 

Hot Тәсе Tern. | 27.4 9C Temp Diff. == 
Cold Face Tem. “OS °C ave, Temp. Dif. LASST 


‚ФУ mv Temp. 
PRL °С Diff. LIE 
ел 


nog 


q 
! 


Date &o-/ cZ7.19 
Test No. S-O 


РТ / 5105: Ts A eove. 
or Test Box ## О Total Fower 225. 


We, est Box Average Power ue 
& Samples <7%O i Average iit. 
wo. c Sarples D.o балтіе ЖОО 
СТОР тон 
ner. Junc. Tem». OS "uci == - 572 mv Tem». 
Hot Face БОЛ, Read. 274% пу = FRA oc Dil. 7227 
Mama” race Corr. Read. -7o m £02.25" °C 
КЕ ОЕ Duk: 
Hot Face Terr. 222 oC Term Diff. SIE 





Cold Face Temp. Z7 SC Ame Tem. Dies vr 24 





THERMAL CONDUCTIVITY TEST 


Date әг// “22? 1950 


me. Test Box LIPO Total Fower 230 

Nt. Test Sox Average Forer LLE 
& Samples 22 Average "it. 

Wt. 2 Samples 3 Sample. 417 





Ref. Junc. Temp. —- об = .77 пу Тепп. 
Hot Face Corr. безі. 26% mv = 72.4 ос Daft. 777 
Molde Pace Corr. Read. 25 = 0.6 ec 

RECORDER 


ЙӘШ Face Tenn. 722 °С Temp Diff. ?7© 


Bola Pace Tem. /2-0 oC same. Temp. DIET. 7257 


Date Alar:/_ _2@ „1950 
ВЕБЕ №. 25-2 
ЕИ 175125: Is hove- 


Nt. Test Box__ZPHO Total Fower 2/80 — 
wo, Test Sox average rower — ^d 

& Samples <777 . average №. 
wi, 2 Заг „аы E ae Sanpnle | *€2-7 


COAN О Т шд; 


Ref. dune. Тест. E na FO „ор TEJ my Temp. 


HOt Face Corr. Read, ead. 222 — mv JD ISS E DAFT. 259 
Cold face Corr. Read. 7 mv AFC 90 


RECCRDaR: 


Hot Face Terr. 54 оС Temn Diff. Ф 
Cola Face Temp. // ОС Ave. Desp. Diff. Z222- 2 





Date a 206 ,1950 
NNTEZRIAL/SloE: c Du Жау. SY, S Im. LUE 


Тезф №. 5-4 








mt. Test Box 2 О Total Forer Ze 
mo. Test Box Average Forer IS 
& Samples LEGS Average "t. = 
Wt. 2 Samples Fo Ss Запт1е. “5:25 
РОО TIOSETER: 
Ref. Junc. Temp. 23-2 oc = e —Y Temp. 
Hot Face Corr. Зеаа. 2-28 пу- 220 Dirt. Cr SS 
000 Face Corr. Read. $c av = 7.25 oc 
RECORDER: 
Hot “ace Tern. Ku об Sous o ff. e^ 
Cold Face Temn. 12.0 ос wire. Temp. DifT. ceo 
Da. te 1950 
Test No. 
„alshlaL/Sisz: 
mt. Test Box Total Forer 
Wt. Test 20x average rower 
& Samples average jt. 
ut. .2 Samples Sann le 
ЕОГв 11 ОСЫ ат АН: 
Ref. June. Tenn. oC. = mv Temp. 
ПО басе боту. Read. Ш = oc ОЎ 
Goma Face Corr. Read. IE eg 
RECORDER > 
Hot Face Terr. об "Tomo Diff. 


Cola Face Tenn, °C Ave Temp. Dirr. 








THERMAL CONDUCTIVITY TEST 
Date__ Mav 52 1950 
beet No. TOV 
уаТЕНІЛІ/512і5: _ CLAY - WgLL QegapeD 
Nt. Test Box ITI Totade Forer LAO 


Wt. Test 3ox Average Forer ZO 
& Samples ADAL. Average Yt. 
Wt. 2 Samples e o uum Sample TIES 


FPOTENTIOWZIER: 


Ref. June. Temp. auo °C = — = = Temp. 

Holt Face Corr. Read. TS FL nv = 

Gold Face Corr. Read. 5S we = mez 75 raat 
RECORDER 

Hot Face Temp. ZA oC Temp Diff. — x 

Cold Face “Temp. 440 об Ave. Temp. Diff. GG ZZ 





Date May > 1950 
Test No. LAF 
pat ORbaL/S14E: A45 Apwe 
mn Test Box КЕМЕ Total Fower La he 


Wt. Test Box average Power 77 
& Samples 252276 average Tit. 
"Ue 2 Samples &^ Y Samnle San 


POMO TR e 


nef. June, Temp. eZ. 
Hot Face Corr. Read. M 4 mv 
Cold Face Corr. Read. y/ mv 


EOC EDR, 


Hot Face Tempa 25 2 ос Tem Diff, Гл 
Cola Face Tenn. L7 90 Ave. Temp. DITS.  —— 


22 mv Temp. 


a Ga OG 


Diff .éG SS 


Zra °C Difi. Z 





THERMaL COMDUCTIVITY TEST 
Date__ May © 1950 
Dost Fo. .— PGE 
MaTERIAL/SloE: Chav- Were Сеарєр 
Nt. Test Box ГРУ Total Fover. Ma. 


ИС. Test 3ox Average Fovrer | Z2 LO 
& Sarples 232.6. Average ‘Vt. 
it. 2 Samples _EZ va _ Samnle RE 


FOTZzNTIOXETER: 


Ref. Junc. Temp. AO: . Y mv Temp. 
Bot Face Corr, Read. 7 пу = Kan OC Bitt ¡GUÍA 
Cold Face Corr. Read. ‚ УО = C 


ZCORDZR: 


Hot 9ece Temp. Aus se Шер Diff. / C. # 
Cold Face Temp. и oC awe. Temp. DITT. EIFS 


t 


M 
= 


Test No. SOY 


unTshlaL/Sli2: 5 Е | 
Wt. Test Box Ze Total Ромег AMS 
et. Test Box аутешасе Forer_ in 
& Sımples___.25£0 average iit. 
wt. 2 Samples CIP Ѕапр1е | Z4. 


Over TIO. atar: 


Ref. June. Temp. TS oc 
Hot Face Corr. Read. 


E mw Senn, 
79 °C тігі Са 


Hou wl 


Cold Face Corr. Read. Vb e IST 
RECORDER: 
Hot Face Temp, Z4d0 °C Temn Diff. ELO 


Cold Face Temp, Zu °C swe. Temp. Diff. — WEZ 





THERMaL CONDUCTIVITY TEST 
Date_ MAY 7 1950 
Test No. sae 
MaTZRIAL/Sl2E: CLAY - Weir Geanen 


№. Test Sox LIGAR Total Fower A5 
we, Test 30x Average Forer Zo 


& Samples 22325 Average ‘Vt. 
Wt. 2 Samples Samnle 32.23 


ИИ mv Temp. 
— eua C Dit. EDAD) 
A DSC 


Ref. June. Temp. 22562290 
Hot Face Corr. Real. Уту 
Cold Face Corr. Read. . 5/9 пу 


RZCORDZR: 


Hot Face Temp.: етек oí Tenn Diff. — E 
Cold Face тепло. (OR °С ave. Temp. Diff. 


I-II 


Date MAY 8 1950 


шАТЫЛТА,/б5142 
"m Test Box LPS A Total Power {IS 
Wt. Test Box average Fower Zr S 
& Samples cy. average iit. 
wt. 2 Samples Ex. d Sannle III 


От О ТД, 
AE Temp. 


22:22 90 Diff aT 
/27.2229С 


Ref. Junc. mn. A 


Hot Face ME Read. 0 Р пу 
Bold Face Corr. Read. YA nV 


RECCRDER: 


Hot race Temp, Z£. y °C Temn Diff. EDO 
Cold Face Temp. L3 ¥ °C Ave. Temp. Diff. _ 65: 22 


uon d 





THERMaL CONDUCTIVITY TEST 
Date MAY 4 1950 
Mest No. OZ. 
MaTZRIAL/Si2zZ: Clay, -Mel Graded 


Nt. Test Box CHS Total Fower {332 


Wt. Test Box Average Forer ТА 
& Samples е LJ Average Vt. 
Wt. 2 Samples ии Samnle 37. E 


FOTEN TIOXETER: 
Ref. Junc. Temp. IM yu) oec 
Hot Face Corr. Real. лит а 


беша Face Corr. Read. SS AV 
RECORDER: 


Hot “ace Temp: = ӨС Temp Diff. 2 pi 
Т). 


Cold Face Tem оС Ave. Temp. Diff. 


Pf mv Temp. 
H2 mr Le 
али 6 


нии 


Date Ad av 7 112150 

Test No. OF 
шаТтФы1АҺ/5125: 45 dave 

Wt. Test Box LGU A total Fower => 

mo, Test 50x average Fower 

& Samples average iit. 

wt. 2 Samples Sanr le ILLI 
zOIBENIlOLGSTZR: 

Ref. Junc. Temp. EAS 


Dot Face Corr. Read. О ОТ тшу 
Goad Face Corr. Read. SC mv 


RECORDER: 


Hot Face Temp. ss. Z2 c Temn Diff. —_ 7 
Cold Face Temn, rn. SLY. oC Ave. Temp. Diff. 2 


o Za mw Temp. 
Z2 2390 Diff ZR i 
A 


How M 





THERM.aL CONDUCTIVITY TEST 


Date__May /C 1950 
Test No. SOS 


MaTERIAL/SIZE: Mise i 
Wb. Test Box LES Total Fower 9 L 
WU. Test 30x Average Power DR 
& Samples SEV 7 Average "t. 
Wt. 2 Samples A Sample ES :26 


POTEN TIONETER: 


Ref. Junc. Temp. FIG. °C 
met Face Corr, Sead. ETE nv 
Cold Face Corr. Read. а VA mv 


. mv Temp. 
Ta 2 220 Dirt . SÉ 7 


iu u 


RECORDER: 
Hot Face Temp. ; / PT Temp DITT. 
Cold Pace Temn. КОРО o0 Ae. Temn, Diff. 2 


Date May // GO 
Test No. YO 
ana /sicñ: As Above 
Mb. Test Box LAS A Total Fower GRES _ 


Wt. Test Box average Fower “е 


& Samples 266.5 average “t. 
Wt, 2 Samples E Sanrle IA Эг 


Or Bi TIOL Olor; 


8 22 mv Temp. 
FD. ПІТ СИЕ СИ 
___ 2» 


Ref. June. Тего. PYG °C 


Hot Face Corr. Read. eA Go mv 
Cold Face Corr. Read. 2-570 MM 


RECORDER: 


Hot Face Terr. 74.1 °C Tem Diff, ILA 
Cold Face Temp. li 7 oC Ave. Tem. Dez. ILIR 


hou tt 





THERMAL CONDUCTIVITY TEST 
Date__ May // 1950 
Test Mo. IES 
MaTZRIAL/Sl4E: е т PUM | -- 


Nt. Test Box LID. Тотай Fomer.o И 

wt. Test 3ox Average Pover ABE Zo 2 
& Samples. — Pela Average ‘Vt. 

Wt. 2 Samples ZT. Samnle JIS. 6S 


FOTEN TIONBTER: 


Ref. June. Temp. 2-2. т oC 
Hot Face Corr. Read. БГПУ 
Bold Face Corr. Read. 2 VF mv 


RECORDER: 


Hot Face Temp. ZJ. °C Tenn Diff. 55.0 
Cold Face Temp. LUD 0С Ave. TEN. ЕР. а” 


E. mv Temp. 
а зис Diff A 
EE x o 


n m u 


Date /M4v /Z 1950 
Test No. WD 
ШЕМЕ отак 4s Доме 
NE Test Box ALE Total Fower 
Wt. Test sox average Power 
& Samples pS average 7%. 
wt. 2 Samples Sanrle 22% 
ЕСТЕМТІОМЕТЫН». 
24 mv Temp. 


Alas OC Dii TS 
ОС 


Ref. June. Temn. Bim oc 


Hot Face Corr. Read. A LP ту 
Wold Face Corr. Read. SILA 


RECORDER; 


Hot Face Terr, °C Qo» Diff. Ko v 
Cold Face Temp. <“ °C Ave. Temp. Diff. XX 7A. 


uod dg 





THERMaL CONDUCTIVITY TEST 


Date Mav 23 1950 
lest Ja << 


MaTERIAL/SILE: Clay - Wel Graded 


№. Test Box LIVER Total Fower сш 


WE. Test Box Average Forerr____ 75 
& Samples cL s. Average "Vt. 
Wt. 2 Samples ر‎ Sample Et. 
FOTEN TIOXETER: 


Ref. Junc. Temp. ce Oc 
Hot Face Corr. Real. АР» 0 ۷Y 
Coe Face Corr. Read. ‚Ж ту 


ЖС mv Temp. 
ERAS Mr iz 


ПШ! 


ая 6 
RECORDER: 
Hot Face Temp: &&.e °C Temp Diff. ©) 
Cold Face Temp. L-A °C ave. Temp. Diff. او دک وا‎ 
Date /E 1950 


Test No. V-A 


l.A T SRIAL/SIAE: 5 хе 


WG. Test Box LAI Æ. Total Fower SE 
me, Test Box average Power Zt 
& Samples ors > average jit. 
wt, 2 Samples CE Sannle З Ё 
cOrENTION “TAR: 
Ber. Junc. Temp. DEE o 


Hot Face Corr. Read. JA23 Ny 
Cold Face Corr. Read. <Y Mv 


RECORDER: 


Hot Face Tenn, ZLZS?C Tem Diff. 6.5 25 
Cold Face Temp. ZV CO °C Ave. Temp. Diff. O TEO 


274 шу Temp.: 
ZZ °C DIT. CIAO 
EASE 


Hon tl 





THERMaL CONDUCTIVITY TEST 


Date May “27 1950 
Test No. XA. 


MaTERIAL/SIZE: Choy = ДЕ CO naded 

Wt. Test Box LIZ Total Fower 

Wt. Test 30x Average Power 52 

& Samples I<. Average ‘Vt. 

Wt. 2 Samples БУ 7, Sample 220? ды 
РОТЕ! ТІОМ ЕТЕК: 

Ref. June. Temp. 02у, 5700 

Hot Pace Corr. Neal. SALA UV 

Cold Face Corr. Read. EN 
RECORDER: 


Hot “ace Tempe Ze doc Temp Diff. 
Cold Face Temn. ZU SOC де. Тат. Diff. И и - 


n ZZ my ПЕ. 
ZE POC Witt. CLAN 
— A O 


ape 


Date Nav /É 1950 
Test No. С 
маТЕКІАІ/ 5100: As A Love 
Wt. Test Box LAIL Total Fower__ . — ie 


Wt. Test Box average Fower r T ME 
& Samples eed => average Wt. 
MUNDUS Samples EZ e Sannle Та ЖӘ 
rOZERTIOLsSinH: 
Ref. June. Temp. Б 280 = ‚Я пу Temp. 
Hot Face Corr. Read.___3,/7 mv = Жай осо рг. (С 
ШІП race Corr. Read. oe = e^ MEC 


RECCRDER; 


Hot Face Terr. Z6. 3 °C TED Diff. 542.3 
Cold Face Temp. Т ОС Aave. Temp. DIR. AZ A 





TABLE I 
EALFERIMENTAL RES 

2.0 mm. - .42 

Test Avg. AVE. AVE. 
No. NL. Tower Tenn. 
DIE, 
101 42,00 BIS 55.04 
1A 48710 12850 71209 
102 425215 11000 65.25 
103 43.40 11029 68% 00 
104 43.80 106.0 ӘРЕ 72 
105 44.40 1I0 в вез 
8 44.75 12840 66.80 
106 44.90 11295 56.38 
107 45.35 1100 58, 16 
108 45480 1100 57.50 
109 46.30 ТӨЛЕ 55.05 
EC 46.90 128659 63.00 
110 47,00 1000 55.00 
111 48.70 Eu 52.00 
Thickness of sample OS ET 

area or sample 2597 ст,2 

Specific Gravity of sample С 

Moisture Content Initial 


Material rclaced Two Times 


mm. 


. 856 
. BON 
on 
. TO 
. 785 
. 738 
. 720 
UPS 
ӨЗІ 
.680 
. 688 
.640 
„Бә 
‚ 978 


. 66 
.0589% 


ULTS FOR COARSE SAND 


Final 


x 104 


Taol 
8x19 
7.84 
BID 
Give 
8.72 
8.70 
oe 20 
8. 88 
BON 
9.99 
9.24 
9.21 
995 


.0416% 





TABLE II 
EAFERIMENTAÀL RESULTS FOR MEDIUM SAND 
‚42 mm.-.2bmm. 


Test AVE. AVE. Avg. e K x 104 
No. Wt. Forer Temp. 
Diet 
201 29. 20 NORD (Ome 2212 Cave 
2А 49.45 105.0 71.88 .960 6.84 
Bol 52-70 102.0 74.18 .943 6, 58 
23 69.95 110.0 Te sed e 7208 
252 SOIRS EAE 190.0 те ale on ӨРЕ 
202 40.90 ШОО О 73300 . 890 72.02 
2 52 41.05 114.0 To ac . 880 (Ue 
254 41.50 110,0 71422 ‚ ВОТ "TG 
203 41.90 149.20 7 7258 .842 ЕВ 
2С 42.10 106.0 65722 885 то 
255 42.25 110,0 £9.95 25209 о 
204 42.45 ШЕЮ TO ДОО? 7282 
205 45.15 110,0 4 27-8 7.61 
56 43.65 114.0 6165 2 786 
206 43,90 110.0 bia oO) eed Pose 
207 44.75 TEO 60:25 188 8200 
2D 45.05 2.6 63.75 O 8.21 
257 45.50 INS SO Do 78 259 8702 
Thickness of sample 5. O5 CR. 
Area of sample 2597 ст.2 


Specific Gravity of sample 2.675 
Moisture Content Initial ,0508% 


Final .0387% 
Material Placed Three times ! 





ТШ ІТ 


zarar ОЕ О ОСОЛ SE 
gest АУ, AVE. AVE. e K x 104 
(0. nts rover Terr. 
ЭТ. 
201 682.50 110.0 80-28 1.06 6. 58 
oa 38.080 110,0 84.85 1.055 6.04 
280 28200 11080 П с 12952 pe 
305 ЗО ee Е 80.40 ШОО Eon 
ul 4 39.20 1 0 18.82 omiso 22150 
n 40.00 11929 78.00 0.960 6.58 
205 40.10 11200 78.98 ODE в. 
506 4050 J ZO 20 67 956 СТА 
207 41.00 115.5 72.8. ONT B. 02 
508 21710 12.9.0 DS 02207 B 
OS qu 11040 ТЕЛЕ 0,880 5225 
e 41.90 136,0 IV. ОЗАТ 6.88 
C19 doc 10725 71.12 Cae ae 6.98 
DII 42166 11020 TE ON 0.840 ake 
© 42.70 10529 (loge 24526 ЕСЕ 
215 42589 11040 71.09 Gre ia 7.20 
те сто li 12.02 03210 ВИ 
014 44.00 NGG. © 67,88 Сео 7.50 
Ec end во 70.45 И Te 
SE г PELSE 69.0 Qu oe 7251 
ALS LO 11050 7.50 OS TIS TIO 
т eon? 114.0 GHIO 0077 5 
218 SVO 1I0 Bote Gros! В. ПЕ 
Thickness of sample О. 
area of S£mnle 2507 em.2 
5unecirie Gravity of sample CNN 
morsture Content ute . 1725 Final 09217 


Semole rlaced 


Tro 


Times 





Test 
lo. 


401 
402 
208 
&А 
404 
40 0 
p 
406 
407 
4C 
<08 
409 
410 
411 
412 
413 


Thickness of sample 


Area of 


Sneci ic 


Posture 
Pea terial 


TES E 


AAPRERAlLÉENTYAL nxSULTS FCR CLAY 


AVE. AVE. AVE. e 
wt. Forer Temn. 
eer. 
20.25 70.0 Corn- 1.600 
20070 men Treu ЫС» 
о ОО 80.0 EINER 19902 
Б 380 74,0 05.60 А 
Bile oO ЖЕЛТ Вт. 92 bk. 468 
5120 MERO Bora asa 
22600 120 b 1,498 
32.90 AEG в. 3 1.292 
DONDE MORO OE. 1.050 
SOS SRO ӨРСІЗ 172222 
dar TEMO 60.08 1,284 
Eno D Lo) 58760. 1 09 
Бо SOMO OS 1.178 
6D те. 5 ее NETS 
27.30 79,0 БЕ. соет аа 
23,68 1220 52,28 1728505 
Babe en. 
Sample 2597 ст.2 
Gravity of sarnle cB 
Content Initial . 145554 
rlaced Tro Times 


K x 104 


С» C» C» O1 O» 9» cn enen n Ot en e» Сл ел "> 
. . e е е * . е Ф Ф е . • . . . 
© O» 
SE = 


Final 


‚ 0952% 
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SAMPLE COMFUTaTIONS 
Test 101 


^ 


Mu, un 
ны ae 2 


85.5 watts x 5.06 em, 


Seo: 


2597 Ghee ee С 


cal/sec 
7.31 cal/sec/em/em?/°Cc 
z X gc» 1 e 
WT 
| lb. 
20in.x20in.x2i1n.x2.66x62.4 ft°(1 + .00589) - 
1728 112 
I x 42 1b, 
ft: 


. 882 


il 
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FIGURE II 
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FIGURE III 





K (І0 “са//эғс/см/см“ес) 


COMPOSITE GRAPH | 
` COEFFICIENT OF 
THERMAL Сонристмпу (К) © 


Мо е 56 e 


I-1 20mm - 42mm Gram Size 
2-2 42 mm - 25mm  " 
33 25mm -lomR "= 


——-- WELLGRADED SAMPLE (бторс н) 





FIGURE IV 





COEFFICIENT OF 
THERMAL Conpuctiviry (K) 
vs 
Vows-Rariole) 

WELL GRADED CLAY SAMPLE 

К = -5.095е +99 | 





QMofwa/o35/v? ,. 01) Ж 
FIGURE V 
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FIGURE VIIIa Insulating box with 
cover in place. Mounted on scales. 


= AFT 


qe P Ambo 





FIGURE VII1b Insulating box with frame 
(showing bolt holes) inserted. Heater plate in 
position with arrow to thermocourle connection. 

Spacer boards are standing against equipment 
showing relative position of installation. 
Insulating box cover at side. 








FIGUR& VIIIe Insulating box with frame, 
heater plate and spacer boards in place. 
Large arrow shows one heating element lead. 
Small arrows show spacer boards in position. 





FIGURS VIIId Sample and insulating boxes 
completely assembled. Cooling jackets in 
place with cooling water hoses attached. 








FIGURE Ville Overall view of equipment 
showing power leads connected to heating 
element. Flacing and compaction equipment 

shown near sample box assembly. 
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FIGURE VIIIf Veasuring and control equipment. 
Fotentiometer-Recorder to left. nortable 
potentiometer center. Variac controller 
unper right, wattmeter Tomer right. 
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